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SUMMARY 


This study presents the conceptual design of a Spacelab experiment to develop the 
technology associated with low-gravity propellant management. The proposed faciUty 
consists of a supply tank, a receiver tank, pressurization system, instrumentation and 
supporting hardware. 

The study consisted of three major tasks: Preliminary Facility Definition, Facility 

Conceptual Design and Facility Development Plan. 

The Preliminary Facility Definition required the determination of experimental objec- 
tives, the receiver tank to be modeled, constraints imposed on the design by the Space 
Shuttle and Spacelab and applicable transfa* processes *'''1 scaling analyses. As a result 
of the preliminary definition, a Personnel Orbital Transfer Vehicle (POTV) liquid hydrogen 
tank was selected as the tank to be modeled. The supply tank is the Cryogenic Fluid 
Management Experiment (CFME) liquid hydrogen tank. A phased approach was assumed 
for the facility with Phase 1 concentrating on technology issues related to the supply tank 
and Phase 11 concentrating on technology issues related to the receiver tank. From the 
size constraints imposed on the facility design by a Spacelab pallet and from the amount 
of liquid available from the CFME tank, it was determined that a 0.36 and 0.165 scaled 
POTV receiver tank would be used for Phase I and Phase 11, respectively. 

The Preliminary Facility Definition was used in preparation of the Conceptual Design 
which included general configurations, flow schematics, insulation systems, instru- 
mentation requirements and internal tank configurations for both phases. Analysis of the 
conceptual design included thermal, structural, fluid and safety/reliability aspects of the 
CFMF. 

The conceptual design was used to prepare a Facility Development Plan. The proposed 
development plan includes schedule and cost estimates for the facility. A program Work 
Breakdown Structure and Master Program Schedule were prepared for a 7-year program 
costing $7.5M (in December 1980 dollars), excluding Shuttle user costs. 


1.0 


INTRODUCTION 


This report presents the work performed under NASA Contract NAS 3-22260 entitledt 
"Conr;eptual Design of an In-Space Cryogenic Fluid Management Facility*" The purpose of 
this study is the development of a conceptual design for a Spacelab low>g facility which 
would demonstrate the technology required for cryogenic prc^llant management. The 
facility consists of a supply tank, receiver tank, presiurization system, instrumentation 
and supporting hardware (i.e., lines, valves and support structures) mounted on a single 
Spacelab pallet. Figure 1-1 stiows the CPMF mounted in the Space Shuttle payload bay. 
Three missions will be flown with different facility configurations. The supply tank will 
contain a liquid acquisition system; the third mission receiver tank will be equipped with a 
start basket. The facility is launched with the supply tank filled with liquid hydrogen 
(LH 2 ) and the receiver tank empty. In orbit, experlmmts will be conducted to evaluate 
liquid expulsion, mass gauging, liquid transfer, receiver tank cooldown and fill, and start 
basket performance. 

The study is divided into three tasks: 

1. Preparation of a preliminary facility definition. 

2. Development of the conceptual design for the facility. 

3. Preparation of a facility development plan. 

These tasks contain the conceptual design of the In-Space CFMF, an analysis of the 
transfer processes, and structural and thermal analyses of the receiver tank. Instru- 
mentation requirements, with regard to type and location, are included in this report. 
Ground support equipment, required to load the In-Space CFMF, is also discussed. 
General layout drawings and fl’^w schematics were prepared for each phase of the facility. 
In addition, this report contains cost and schedule estimates for the development of the 
In-Space CFMF. 

1.1 Scope . The scope of this study was to provide a conceptual design and 

development plan for a Spacelab facility which would demonstrate low-g transfer of 
cryogenic liquids. Based upon the conceptual design presented in this report, budgetary 
and planning (BdcP) estimates for the facility were made. The design of the facility was 
to be suitable for a minimum of three missions with experimental objectives identified for 
each mission. The utilization of published low-gravity transfer analyses and techniques 
were emphasized. 
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CRYOGENIC FLUID MANAGEMENT FACILITY 


1.2 Ground Rules . The supply tank to oe used in the CFMF is the I.H 2 tank 

developed for the Cryogenic Fluid Management Experiment (CFME) Program. This tank is 
currently undergoing final design* and tlwrefore* was not analyzed as part of this study. 
In addition* the <fesign of the CFMF was to utilize as much hardware from the CFME 
Program as possible. CFME helium pressurization bottles and supply tank support system 
were to be used. The CFME Data Acquisition and Control Sysr-^m and data recorder were 
examined to determine their suitability fo* the entire facility. 

The receiver tank selected for modeling a Personnel Orbital Transfer Vehicle (POTV) 
liquid hy^ogen tank. Selection of this tark resulted from a review of low-g liquid 
transfer literature which identified tlw POTV as the most likely near-term application of 
liquid cryc^en transfer tech>»iogy. 






2.0 


PRELIMINARY FACIUTY DEFINITION 


The preliminary facility definition was based upon demonstrating the technology required 
for low-g cryogenic propellant management. The experimental objectives of the facility 
were defined and a literature review was conducted to determine the receiver tank to be 
modeled. The geometric, thermal and structural constraints imposed on the facility by 
the Space Shuttle, the Spaceiab pallet and the Cryogenic Facility Management Experi- 
ment (CFME) supply tank determined tire extent to which the receiver tank could be 
modeled. Potential receiver tank models were selected based on these facility design 
constraints, determination as to whether the data obtained from the experiment could be 
scaled to the i ull-scale Personnel Orbital Transfer Vehicle (POTV) tank required a scaling 
artalysis of the transfer processes. 

2.1 Experimental Approach and Objectives. The following paragraphs describe 
the approach taken for the preliminary facility definition; primary and secondary 
objectives of the facility are identified. 

2.1.1 Phased Approach. A two-phase approach was utilized in the preliminary 
facility definition. This was to maximize the technical benefit to be gained and to 
provide a more cost effective hardware development program. The phased approach is 
the separation of the technologies associated with propellant transfer!! (I) siq>ply tank 
storage, liquid acquisition and transfer line chilldown; (2) receiver tank chllldown, fill and 
liquid acquisition. 

2.1. 1.1 Phase I . Phase I will consist of a single mission and will focus on the 

technologies associated with the supply tank liquid expulsion and transfer line and 

receiver tank cooldown. The performance characteristics of the supply tank will be 
determined. In particular, performance of the capillary device and Thermodynamic Vent 
System (TVS) will be assessed. The facility hardware for this phase will consist of the 
supply tank, the transfer line, a bare receiver tank and instrumentation required to 
provide tank quantity and quality/density flow measurements. 

2.1. 1.2 Phase n . Phase n will consist of two missions and will deal primarily with 

t!ie receiver tank technology associated with cooldown and fill. The first mission will 

utilize a bare receiver tank and will demonstrate a receiver tank no-vent fill following 
cooldown. The second mission will utilize a fully configured receiver tank (with a start 
basket). This mission will demonstrate the initial filling, liquid expulsion and refill 
capabilities of the start basket. 
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2.1.2 Experiinentai Objectives . The experimental objectives for each phase of the 

facility were determined to maximize the data obtained and provide an attractive 
technical benefit>to>cost ratio. 

Exp'^iinental Obiectives« Phase 1 . Taole 2-1 is the primary and secondary objectives for 
Phase 1. Several of the secondary <^jectives are concerned with the helium pressurization 
system and its impact on the supply tank (e.g.» the effect of ambient helium on the 
capillary device retention capability and supply tank thermodynamics). Demonstration of 
low-g quality/density measurement is a critical objective of Phase I in that this 
instrumentation is required for the following two missions. Capillary device behavior 
during transient outflow is significant due to the need for pulsed outflow during receiver 
tank cooldown. 


TABLE 2-1 phase 1 FACILITY OB3ECT1VES 


— "1 

Mission 

— 

Hardware 

Primary 

Secondary 

1 

Supply Tank, 
Transler Line 
and Bare 
Receiver Tank 

o Evaluate Performance of 
Supply Tank Charinel 
Scmn Liquid Acquisition 
Device for Cryagenic 
Liquid 

o Demonstrate supply tank 
TVS. 

o Evaluate helium pressuriza- 
tion systems. 



0 Demonstrate OrvOrbit 
Operation of Supply Tank 
Quantity Gauging System 

o Demonstrate low-g liquid/ 
vapor quality and mass flow 
measurement. 



0 Collect Transfer Line 
Chilldown Data 

0 Evaluate Effectiveness of 
Receiver Tank Chilldown 

0 Examine effect of ambient 
helium pressurization on the 
supply tank screen retention 
capability, 

o Determine impact of am- 
bient helium pressurization 
on the supply tank thermo- 
dynamics. 




0 Verily analytical model of 
receiver tank chilldown. 


1 

1 

1 

0 Determine capillary device 
pressure characteristics for 
transient flow. 


Experimental Objectives, Phase 11 . The primary and secondary objectives for each mission 
of Phase 11 are given in Table 2-11. The primary objectives are demonstration of receiver 
tank filling, operation of an internal TVS and svart basket fill/refill capabilities. These 
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objectives were determined based on the assumption that all Phase I objectives were 
satisfactorily met. Mission Two will demonstrate the cooldown and no-vent fill of the 
bare receiver tank. The primary objectives of Mission Three are the demonstration of a 
no-vent liquid fill of a fully configured receiver tank, and filling, liquid expulsion and 
refilling of a start basket. 


TABLE 2-n PHASE U FACIUTY OB3ECTIVES 


Mission 

Hardware 

Primary 

Secondary 

2 

Supply Tank, 
Transfer Line 
and Bare 
Receiver Tank 

0 Demonstrate No* Vent 
Uquid FiU 

o Demonstrate Receiver 
tank Refill 

o Evaluate Receiver Tank 
Internal TVS 

o Obtain data lor receiver 
tank during prechiU, chiU 
and fiUa 

o Verify scaling analysis. 

o Demonstrate Kelium vent 
using vent device and/or 
propeUant settling. 

3 

S«wly Tank, 
Transfer Line 
and Fully 
Configured 
Receiver Tank 

o Demonstrate No- Vent 
Uquid FiU of Fully Con- 
figured Receiver Tank 

o Demonstrate Start 
Basket FiU and RefiU 

o Evaluate start basket per- 
formance during coast. 

0 Investigate techniques for 
reducing vapor bubble col- 
lapse times* 

o Obtain data for receiver 
tank during prechUi, chiU 
and fiU. 

o Evaluate impact of addi- 
tional wetted tank mass on 
prechiU. 

0 Test TVSs for receiver tank. 


2.2 Receiver Tank to be Modeled . After the objectives for both phases of the 

facility were determined, the tank to be modeled was selected. A literature review was 
conducted to determine the most likely candidate for on-orbit propellant transfer and its 
configuration and operating modes. 



2.2.1 Literature Review . Data on typical vehicles requiring propellant transfer 

and propellant depots were tabulated for both cryogenic and noncryogenic fluids. This 
information, presented in Table 2-III, was obtained from References 1 through 8. Review 
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TABLE 2-ni CANDIDATES FOR PROPELLANT TRANSFER EXPERIMENT MODELING 
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TAttLE 2-III CANDIDATES FOR PROPELLANT TRANSFER EXPERIMENT MODELING (Continued) 
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Table 2-III CANDIDAlEb FOR PROPELLANT TRANSFER EaPERIMENT VIOUELINO (Continueo) 
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TABLE 2-III CANDIDATES FOR PROPELLANT TRANSFER EXPERIMENT MODELING (Concluded) 



of these reports indi«- ited that the POTV is a pro nising candidate vehicle for future space 
based systems in the near term. 

The cryogenic fluids used on the I’OTV are liquid hydrogen (LH2^ and liquid oxygen (LO2). 
The LH2 tank was selected for modeling for the following reasons: 

1. Receiver tank rhilldown and fill is more difficult to accomplish with LH2 
than with LO2 (reference Table 2-IV). 

2. ftecause of its lower surface tension, low-g liquid acquisition is more 
difficult (Reference 9). 

3. There are fewer safety problems associated with LH2 than LO2. 


TAhLT: 2-IV CRVOk.EMh' FLUID TRANSFER OPERATIONS ASSESSMENT (POTV) 


Lir>e Chilldown 

I 

T«nK Chilldown 


T«nk I illiog 


I 


I Tank 

I Care mu»t br taken to avoid (>rr«»ure 


I Pre< hill rharice and vent rei omineiwled lor 
I chilldown to eiimmatr problem* of venting 
I liquid during chilldown. 

Cood mivmg, lifting ftprav no/zle*, letft or 
fiiiverft i« required to maintain thermal equi- 
librium ar>d low tank preftfture* during fill 
(higher miaer power ift required lor LH^ 
than lor LO. to achieve a given bubole 
diameter according to Kelerer^ce I). 


Tank Krfilling (Ml ith | 
! CHe IVeftfturantl 

I 

Vapor Removal From I 
the Acquiftition IVvic^e ! 


Removal ol helium required to prevent 
tank overpreftfture during relillirvg. Mearvft 
of venting helium muftt be provided. 

Inflow of liquid in the «tart haftket durirtg fill 
fthould arcornplifth bubble rollapfte. I ifte ol he- 
lium to c'ondenae vapor trapped m the acqui- 
ftition device during filling it a ftre-ondary ap- 
proach. hobble collapte i* more difficult 
than with LOj (e.g., approftimately an ivder 
ol magnitude more time i« required lor the 
ftame bubble %i/e and level of ftubioolirvg). 


I Care muftt be taken to avoid preftfture fturget. 
I Preftfture fturgeft are aggravated by high liq- 
! uid demity. 

t -- 

Tank preature will rvot emceed vent prevaure 
dca .ng chilldown. Prechill charge arvd vent 
ift therefore r>ot required 

Good miftirvg, ufting tpray no/<left or miter 
IB required to maintain thermal equilibrium 
and low tank preftBurea durirxg tUI. 


Removal of helium ib required to prevent 
tank over preftBure during refilling. Means 
of venting helium must be provided. 

I iBC helium to corvdenBe vapor trapped in 
the acquisition device during fill. 
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2.2.2 Determination of POTV Characteristics . The lollowing paragraphs describe 

the POTV conliguration and operations. 


1 2.2.2.1 General Configuration . The general configuration of the POTV liquid 

hydrogen tank is shown in Figure 2-1. The liquid hydrogen tank is a 2219 aluminum 

cylindrical tank with elliptical heads, nas a volume of 116.1 (4100 ft\ weighs 

2 2 

I approximately 433 kg (998 lbs) and has a total tank surface area of 128.6 m (1386 ft ). 

The tank insulation system consists of 20 layers of double aluminized Super floe. The tank 

t contains a vapor only TVS, pressurization diffuser, propellant acquisition device and a fill 

manifold utilizing two spray nozzles. A summary of the POTV liquid hydrogen tank 
characteristics is contained in Table 2-V. 



Propellant 

Acquisition 

Device 


Figure 2-1 POTV HYDROGEN TANK GENERAL CONFIGUR ATION 

(Reference 8) 


I 


2.2.2.2 POTV Fill/Refill Operations . The POTV cryogenic lluid transfer operations 

(fill/refill) are summarized in Table 2-IV. These operations are; transfer line chilldown, 
receiver tank prechill, chill and fill, vapor removal within the capillary device and tank 
refilling. This technique for propellant transfer was developed and discussed in Reference 
10. An analysis of the transfer operations was conducted and is summarized in Table 2-Vl. 
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TAbLE 2-V POTV CONDITIONS - Lrt^ TANK 


Item 

Value 

Reference 

0 Tank Configurationt 

’ •ometfjr 

Volume 

Diameter 

Cylindrical Length 
Total Length 
Surface Area 
Thickness 
Material 

Cylin^ical With l.)S Elliptical Heads 
lUm^ (1)100 lt^> 

a.2 m (IM m) 

g.2 m (2*6 in) 

9.3 m , (366 in), 

12«.Sm^ (1316 It^) 

1.27 mm (0.03 in) 

2219 TI7 Aluminum 

8 

8 

8 

8 

8 

8 

8 

8 

0 Tank Weights: 




Dry Tf ik (2219 T87 Al) 

*33 Kg 

(998 Ibm) 

8 

Acquuition System 

112 Kg 

(2*7 Ibm) 

8 

Wetted Mass. 

706 Kg 

(1333 Ibm) 

8 

Insulation 

203 Kg 

(998 Ibm) 

8 

Total Tank System 

9*2 Kg 

(207* Ibm) 

8 

Loaded Fluid (LH 2 ) 

7312 Kg 

(16,700 Ibm) 

1 

0 Thermal/Fluid Parameters: 




Initial Temperature 

2i <®K 

(320®R) 

1 

Inlet Fluid \L1^) 

1' 3 KPa 

(13 psia saturated) 

1 

Prechill: ®iuid Velocity 

3.9 m/tec 

(II It/sec) 

8 

Mass Flow Rate 

0.*3 Kg/sec 

(1 Ib/sec) 

1«8 

Time 

1 5 to 20 min 


8 

Fill: Fluid Velocity 

6.7 m/iec 

(22 ft/sec) 

8 

Mass Flow Rate 

0.91 Kg/sec 

(2 Ib/sec) 

1*8 

Time 

1 38 min 


8 

Piechill Temperature 

I26®K 

(226®R) 

1 

Maximum Tank Pressure 

172 KPa 

(23 psia) 

1 

Insulation Systeni 

20 Layers MU 


8 

Thermodynmaic Vent System 

*.3 to 9.1 Kg/I» 

(10 to 20 Ib/fe) 

1 

Flow Rate 




1 Prechill Charge Terminated at 

».l 

(20 lb) 

1 

1 Prechill Vent Initiated 

3.6®K 

(10°R) 

1 

1 


1 



Tran^ler Line Cooldown . Tlie lirst step involved in fillinji an orbital transfer venicle is 
cooldown ol the transfer line. This is initiatea by flowing liquid from the supply tank 
through tne transfer line to tne receiver tank. A concern during transfer line cooldo»»n is 
the possibility of pressure surges. To avoid this, Reference 6 suggests that the transfer 
line be precooled with vent gas passed tiirougii a siiiall line wnich oypasses the main valve 
in the transfer line. 

I’*.*rv Aoceiver TanK i Vectiill . Ihe tluid iii.inage nent t<*ctinique uisoussed in Keference 11 
proposes a rv»ceivf*r tank prec’iill anenever the mitul tanK temtjer.iture is *reater than a 
predeter nirwu target te nper a tare. \’)ove this te n[M>rjttire, e\n*ss pressure daring the 

Ih 


A 



TABLE 2-VI POTV RECEIVER TANK CONDITIONS ANALYSIS 




LmhH* 

























chill ana fill operation will result. The prechill target temperature is defined as that 
temperature at which the chill and fill process can be completed without requiring further 
venting or exceeding the receiver tank maximum operating pressure. The prechill 
operation outlined in Reference 11 involves a charge, hold and vent cycle which is 
repeated until the POTV tank wall temperatures reaches the target temperature. This 
procedure minimizes the amount of liquid required for tank cooldown by maximizing the 
enthalpy of the fluid vented. The prechill charge is accomplished by initially injecting 
vapor (during transfer line cooldown) and then liquid into the POTV tank. The tank is 
charged until a predetermined tank pressure has been reached. Having reached that 
pressure, the tank enters a hold period where the tank wall transfers energy to the fluid in 
the tank. The hold period lasts until one of two conditions is met: either the POTV tank 
maximum operating pressure is reached, or the average fluid and tank wail temperatures 
are within approximately 5 percent of each other. Then the POTV tank will be vented to 
a sufficiently low pressure for the next prechill cycle. 

POTV Tank Chill . Following prechili, the receiver tank vent will be closed and lic^id flow 
to the receiver tank will be initiated. Film boiling will occ ir at the wall as liquid strikes 
the warm surface and the resulting evaporation will increase the tank pressure. The 
prechill target temperature was selected to assure that this pressure rise does not exceed 
the maximum POTV tank operating pressure. The chill process continues until the wall 
temperature reaches saturated liquid temperature. At this point, the fill process begins. 

POTV Tank Fill . The POTV tank fill is a continuation of the liquid inflow initiated for the 
tank chill, beginning when the tank temperature reaches the saturation liquid 
temperature. 

POTV Vapor Removal from Capillary Device . The final phase of the POTV fill is the 
collapse of vapor in the capillary device. Two methods of vapor bubble collapse, active 
and passive (Reference 11), are described in the following paragraphs. 

The passive method uses conductive heat transfer to cool and condense the vapor. Using 
helium pressurization to subcool the liquid, the bubble collapse times for the POTV are on 
the order of three to four hours for the largest spherical bubble trapped within the screen 
device. (Up to 33 cm (13 in) radius can theoretically be trapped between the channels in 
the start basket). These times may be unacceptable; however, this technique does offer 
the simplest approach to bubble collapse. 


PRECEDING PAGE BLANK NOT FILMED 
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Tne active 'nethod utilizes torced convection heat transfer to condense the entrapped 
vapor. This metliod of bubble collapse requires that subcooled liquid enter the start 
basket during tank fill. The fluid movement, produced by the entering propellant, 
promotes a convective heat transfer which speeds bubble condensation. In addition, the 
turbulent conditions in the start basket break apart large bubbles, which will greatly 
reduce the collapse times. The use of active bubble collapse does not preclude the use of 
helium pressurization to subcool the 'iquid in order to complete the bubble collapse 
process. That is, liquid injection into the start basket reduces vapor bubble size during 
fill. iJpon completion of fill, helium pressurization may be used to subcool the liquid to 
insure complete bubble collapse. This approach would require considerably less time than 
passive collapse. 

POTV Tcink Refill . Both the POTV LH 2 and LO 2 tanks require ventip„ prior to propellant 
transfer to prevent overpressurization. The refill procedure utilized for a partially full 
tank containing helium pre^ourant requires venting to a helium partial pressure low enough 
to allow the receiver tank to he filled without further venting. Prechill and chill are not 
required during refill since the receiver tank is already at saturated liquid temperature. 

2.3 Facility Constraints . The facility constraints are a major factor in the 

design of the CFV1F and determine the extent to which the POTV LH 2 tank can be 
modeled. The external constraints on the facility are: (1) Spacelab/Shuttle constraints, 
(2) CFME supply tank constraints. The following paragraphs describe these constraints 
and their impact on the facility definition. 

2.3.1 Shuttle/Spacelab Imposed Constraints . The design constraints imposed on 

the facility by the Space Shuttle and Spacelab pallet consisted of: 

o Reactant Control System (RCS) limitations 

o Coast acceleration 

o Shuttle/Spacelab payload requirements 

The RCS primary thrusters will be used throughout Phase II of the experiment for 
propellant settling. Table 2-Vll gives a typical RCS propellant utilization breakdown for a 
l^.'iOO Kg (32,000 lb) payload and indicates that approximately 1811 Kg (3993 lb) of RCS 
propellant is available for payload support. In addition, 907 Kg (2000 lb) of RCS 
propellant may be obtained from the integral Orbital Maneuvering System (CMS) tanks 
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r (Reference 19). This provision is not currently available; therefore, an attempt was made 

F to limit ihe RCS propellant requirements to 1811 Kg (3993 lb). A preliminary estimate of 

L the RCS propellant requirements is given in Paragraph 3.4.3. 


TABLE 2-Vll TYPICAL RCS PROPELLANT BUDGET 



K£ 

lb 

Total RCS Loadable 

3,353 

7,391 

Unavailable (Includes Residuals Plus Tank Loading Tolerance) 

(366) 

(806) 

Required lor Insertion 

(103) 

(228) 

Required for Orbital Adjustment 

(408) 

(899) 

Required for Entry 

(528) 

(1,164) 

On-Orbit Dispersions and Contingencies 

(136) 

(301) 

Available for Payload Support 

1,811 

3,993 


In addition to the RCS propellant requirements, the acceleration level generated by the 
RCS engines is of particular importance during Phase 11 because of its effect on the design 
and operation of the start basket. Table 2-Vlll (Reference 18) gives the acceleration 
levels for the primary and vernier RCS thrusters into the Space Shuttle coordinate system 
shown in Figure 2-2. As indicated in Table 2-Vlll, the maximum primary RCS thruster 
generates an acceleration of 0.04 g. Typical RCS propellant usage (Reference 18) is given 
in Table 2-lX. Based on the maximum acceleration in the -Y direction and Table 2-IX, a 
RCS propellant consumption rate of 14.61 Kg/sec (32.14 Ib/sec) was calculated. 


TABLE 2-Vlll TYPICAL RCS MAXIMUM ACCELERATION LEVELS 

(Reference 18) 


Direction 

Translational Acceleration, mps^ (ft/sec ^) 

RCS System 

♦ X 

-X 

♦ Y 

♦2 

-z 

Primary Thruster 

0.18 

0. 16 

0.22 


0.34 

(0.6) 

(0.5) 

(0.7) 


(1.1) 

Vernier Thruster 

0 

0 

0.0021 

0 

0.0024 


(0) 

(0) 

(0.007) 

(0) 

(0.008) 
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Figure 2-2 SPACE SHUTTU: CiX')kniN ATE SYSTEM 


TABLE 2-IX TYPICAL PCS PKOPELLANT USAcE FOK 
ORLMTEK TRANSLATIONAL MANUEVERS (Reference IS) 


Translation 

Direction 

Propellant Usage 
Kg/mps (Ib/fps) 


40.79 

(27.4) 

-X 

40.12 

(26.7) 

+ Y 

6b. 20 

(44.5) 

-Y 

66.41 

(44.6) 


31.29 

(21.0) 

_ 7 

55.17 

(37.1) 


The acceleration levels experienced by the Space Shuttle during coast lor three different 
Shuttle orientations are sho^n in Figure 2-\ The coast gravitational level ranges from 
i.S X 10"^ g's to LO X 10“*’ g’s lor a 2‘>'i km (140 nautical mile) orbit. 





fl 1 t 1 t ude-km 


Figure 2-3 ACCELERATION LEVELS DURING COAST 
(Reference IS) 


The Spaceldb pallet constraints are physical geometry, payload envelope and hardpoint 
locations. Figure 2-4 is a sketch of the Spacelab pallet illustrating the payload envelope 
pallet dimensions and pallet hardpoints. Pallet hardpoints are those points on the 
Spaceldb pallet to which the facility hardware can be attached. 

In addition to the Shuttle/Spacelab imposed constraints, the facility has to meet center of 
gravity, structural factors of safety, vibration loading and thermal requirements (Refer- 
ence 18). 
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FiRure 2-4 SPACELAB PALLET GEOMETRY 


2.3.2 CFM E Supply Tank C on straints . The statement of work for this study 

directed that the supply tank was to be the CFVIE tank being developed under NASA 
Contract No. NAS 3-21^91. The supply tank is a 0.f»0 (21.19 ft^) spherical tank and 

was originally selected to model, on a volume basis, a Space Shuttle Power Reactant 
Storage Assembly (PRSA) Hydrogen Tank. Table 2-X contains a breakdown of the liquid 
hydrogen quantity available in the supply tank. This table shows that approximately 34.24 
Kg (7^. ^0 lb) of liquid hydrogen is available for the facility receiver tank. The boiloff 
losses were determined by the heat leak given in Reference 3. 

The maximum supply tank outflow rate, as indicated in Reference 20, is 22.7 g/sec (O.O** 
Ib/sec). The supply tank is to provide vapor-free outflow for flow rates up to this 
maximum flow rate at a pressure not to exceed 414 kPa (60 psia). 


In addition to the liquid quantity and maximum outflow rate constraints, the supply tank 
pallet mounting system was to be used. 




TAftLE 2-X SUPPLY TANK FLUID INVENTORY BREAKDOWN 


Load at Launch (Minimum) 

38. 17 

Kg 

(84.16 

lb) 

Roiloff Over 3 Days at 44 gm/hr 
(0.097 Ib/hr) 

3.17 

Kg 

(6.98 

Ib) 

2 Percent Residual 

0.76 

Kg 

(1.68 

lb) 

TOTAL MASS AVAILABLE FOR TRANSFER 

34.24 

Kg 

(75.50 

lb) 

Assumptions: 





Vapor Pressure = 

103.4 

KPa 

(15.0 

psia) 

Tank Volume = 

0.60 

3 

m 

(21.186 

ft^) 

Residual Liquid = 

0.27 

Kg 

(0.60 

lb) 

Initial Fill = 

90% 





2.4 Receive r Tank Selections . The selection of receiver tanks to be used in the 

CFMF was based on experimental objectives, tankage configuration to be modeled and 
facility constraints. The four configurations given in Table 2-XI were considered. 

The first configuration consists of using one 0.165 scale receiver tank for both phases of 
the facility. (All scaling is done on linear dimensions; i.e., length and diameter.) This 
receiver tank is the largest tank that Ccin be filled with LH2 from one CFME supply tank. 
This single tank concept is the lowest cost approach. 

Configuration 2 consists of one 0.36 scale receiver tank for prechill and one 0.165 scale 
receiver tank for chill and fill. The 0.36 tank is the largest receiver tank which will fit on 
a single Spacelab pallet. This concept utilizes one CFME supply tank for both receiver 
tanks. The advantage to this configuration is the use of a larger receiver tank for 
prechill, thus providing scaling data superior to the 0.165 scale tan*'. 

The third configuration consists of one 0.270 scale receiver tank and lour CFME supply 
tanks. This concept represents the largest receiver tank which can be i;5«» f for prechiil, 
chill and fill, and fit on a single pallet. It represents the most costly approach due to the 
requirement of lour supply tanks. 
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TAiSLu 2-,M KAClLirV TANK AL FLUivA I IVJ> UM\Ci chMU SUl’i^L^ TAM\> 


' Canti((ur«tion 

Constraints 

^dvantages 

nisadvanlagex 

1. Oof LTME tuppiv 
Onr 0,H»> stale POTV 
reteiver unk. 

Prechill, thill and till cart 
be artornplished with one 
CTMC supply tank (receiver 
IS the masimum size that 
can be tilled with one 
CFME supply tank). 

Experinreni t an be accom- 
plished With a single set ol 
tanks arnt therefore should 
be tire lowest cost approach. 

Vale of ret eiver tank tor 
prechill IS smallest. 

2. One CKME supply tank. 
One 0.1#* stale IVTV 
receiver for pre* hill 
and one 0.l<»5 s« ale 
POJ\ reteiver 'or 
chill and fill. 

Early experiments would 
use 0.)fc stale IMTV 
(largest receiver that will 
tit on a single pallet) for 
pretrhill testify, later 
experiments would simu- 
late chill and fill with a 
0.161 scale receiver. 

Allows largest si/e receiver 
that will tit on a single pal- 
let to be used tor prechilt. 
Only requires a sirygle sup- 
ply tank. 

Requires two separate re- 
ceivers and would there- 
fore be a more costly ap- 
proach than t'onfigura- 
tion 1. 

y, Four Cf ML si^ly unks. 
i.>ie 0.27 stale fVTV 
receiver tank. 

Largest single receiver 
that can be used tor all 
experiments given single 
pallet siJie constraints. 

Allows Single largest size 
receiver than can be pre- 
chilled. i*hilled and tilled. 
Ofilv requires a sirrgle re- 
ceiver tank. 

Kequires tour CFME supply 
tanks. May cTeate teed sys- 
tem line t*hilldown problems 
that would require design of 
an accumulator tank. Re- 
sults in the highest single 
pallet mission cost by utiliz- 
ing entire pallet spat e lor 
all missions. 

k. cVe* CFME supply tank. 
Ont scale Pt>TV 

reteiver tank on two 
Spacelab pallets lor pre- 
chili. One O.I#il scale 
Pv>TV reteiver fix chi|i 
and till. 

Largest ret eiver tank 
ahirh fits on two >pace- 
lab pallets. 

Largest receiver tank tor 
preihili; permits scaling 
of pressure history. |»eak 
pressure and tempera- 
ture. 

Requires two Spaielab pal- 
lets during Phase 1 and thus 
highest mission cost. 


Ttie 0.5 scale receiver tank of Configuration 4 permits direct scaling of prechill results to 
tlie full scale IMTV. The 0.165 scale tank would he used for chill and fill testing. This 
configuration results in the highest mission costs during Phase 1 due to the need lor two 
Spacelab pallets. 

A decision was made, following NASA review, to use Configi'^^'ion 2 for the facility 
design. This choice represents a compromise between the lower cost of Configuration 1 
and the technical advantages and higher costs of Configurations 3 and 4. The 0.36 and 
0.165 scale tanks will be used for the Phase 1 and Phase 11 facility design, respectively. 

2.5 Description of Transfer Processes . Ttie objective of the experiment is to 

demonstrate the transfer of liquid propellant from a supply tank to a receiver tank. Tne 
approach described in the following paragraphs is consistent with tlie multipha,e effort to 
be employed in th< CFMF flights. 

2.5.1 S upply Tank Pressurization . The baseline pressurization approach for the 

CFME supply tank is the use cl helium supplied at ambient temperature. This approach 


will be satisfactory providing that heat transfer between the warm helium and cold liquid 
or capillary device is minimized. Evaporation caused bv heat transfer between the 
pressurant and LH 2 will increase hydrogen partial pressure and can make it difficult, if 
not impossible, to fill the receiver to a pressure below the receiver tank design allowable. 
Direct contact of warm pressurant with an impervious surface of the capillary device is 
likely to cause vapor to form within the capillary device channel. The use of ambient 
pressurant requires that relatively quiescent conditions exist in the supply tank from tlie 
time helium has been injected into the tank until all usable liquid has been expelled. If 
these conditions cannot be met, consideration should be given to using cryogenic helium 
pressurant to maintain low hydrogen partial pressures and prevent vapor formation in the 
capillary device. 

2.5.2 Transfer Line Cooldown . A review of literature (References 21 through 26) 
was conducted to determine if pressure surges during transfer line cooldown would pose a 
problem for the POTV or the CFMF. Steward, Smith and Brennan (References 25 and 26) 
reported on liquid nitrogen and hydrogen transfer line cooldown. Their results indicate 
that transfer line chiMdown pressure surges are enhanced by: (I) large mass flow rates, (2) 
high levels of liquid subcooling, (3) short valve opening times, (4) high density liquids and 
longer transfer lines. Based on these works, there exists no strong evidence that pressure 
surges will present a problem for the CFMF. The rate at which the supply tank outlet 
valve is opened can be limited during the initial prechill charges when the line is cooling 
down. Following transfer line cooldown, normal valve operation would be permitted. 

The selected approach to transfer line cooldown for the CFMF is to flow the liquid 
through the transfer line, at low levels of subcooling, by slowly opening the supply tank 
outlet valve. If, during ground testing, pressure surges present a problem during transfer 
line cooldown, a possible solution would be to pre-cool the line utilizing the supply tank 
TVS flow. Two approaches were considered for such a back-up system; passing the cold 
vapor around the outside of the line in cooling coils or flowing the vapor directly through 
the line. Flowing outside the line minimizes valving requirements, but results in 
fabrication complexity. Internal flow requires additional valving to allow for cooldown 
fluid to enter and exit the transfer line. 

2.5.3 Receiver T an k Fill . The approach proposed for accomplishing a no- vent 
receiver tank fill involves three phases: (I) prechill, (2) chill and (3) fill. This approach is 
designed to eliminate the need for venting while a two-phase mixture exists in the tank. 
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The receiver lank precnill process, oegnninR v^ith the tank wall at so.ne initial warm 
temperature, consists of a liquid charge, hold and vapor vent. The charge, hold and vent 
cycle IS designea to prevent liquid from being vented overboard. Prechill continues until a 
predetermined tank wall temperature is reached. Prechilling the tank to this temperature 
permits chill and till of the receiver tank without further venting. The prechill target 
temperature was determined using data obtained from Reference 8 and is plotted, as a 
function of tank scale, in Figure 2-5. Ouring precnill, the flow into the tank is through an 
inlet manifold to provide hign wall surface coverage by the impinging liquid and, thus, 
good lieat transfer between the liquid and tank wall. Tank chill proceeds from tlie prechill 
target temperature to the saturation temperature of the fluid in the tank, whereupon the 
tank IS tilled. Tank chill and fill are noth accomplished with the vent closed. 



Figure 2-5 RECElVdR TANK, PKECiilLL TAROtT TEVfPERATUKt 

VERSUS TANK SCALE 


J 


I 


I 


28 


A 





Inflow analyses were separated into predull, chill and tank Ml f ' w.... I'm 
ships for these processes, from the literature review, j*-e mjmi Mjri/ed in Table 2-VI. 
!f i' ally, during prechill, vapor will enter the tank IroTi tite warm line. The applicable 
» .aation for heat transfer between the incoming vapor and tank wall is; 


h 


Pr = 0. 1 3 

V 


(P/VO) y. 


1/4 


where: 


(Equation 2-1) 


P = n rh 

When liquid enters the tank, the heat transfer between the liquid and vapor, and between 
the liquid and tank wall, must be considered. 

Vapor-to-liquid heat transfer for evaporating drops is; 


Nu = 


2 + 0.6 Re^‘^^ Pr^*^^ 

rm) 


(Equation 2-2) 


where: 


For heat transfer between the liquid and tank wall, several relationships are applicable. 

For quenching of spheres, the relationship governing film boiling heat transfer is: 

Nu = 0.I5Ra*^^ (Equation 2-3) 

For liquids splattering on heated SL.rfaces, the relationship is: 


'^max 



(Equation 2-4) 


• PAGE C 

iiF QUAiJTV 
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During receiver tank iill, when liquid and vapor exists in the tank, it is necessary to assess 
the mixin({ requireiiients in order to assure that thermodynamic equilibrium is maintainea. 

For tank mixing, at bond numbers greater tlian 10: 

Vo (h „ (Equation 2-i) 


and for bond numbers less than 10: 

V D > z‘^^/30 (Equation 2-6) 

o o 

For heat transfer between the liquid and vapor during fill, Equation 2-1, evaluated using 
liquid properties, was used. A mixing time equation from Reference 12 was identified for 
use in the scaling analysis (Paragraph 2.6) and is: 

0 = (Equation 2-7) 

q(Zl))*'^ 

Tile evaluation of the receiver tank thermodynamic processes was accomplished using the 
Beech developed Tank Cooldown Analysis Program (TNKCAP). The program incorporates 
the receiver tank model slx>wn in Figure 2-6. The model contains nodes for the tank wall, 
fluid, incoming liquid and external environment. This model permits simulation of the 
receiver tank prechill, chill and fill processes. Thermodynamic fluid properties for 
hydrogen were determined by the equation-of-state given in Reference 2S. 



THERMODYNAMIC PROCESS 

1. Mass Flow Into Tank « f ( A P, I). 

2. Isenthalpic Expansion. 

J. Convective Heat Transfer From Liquid Drops to Bulk 
Fluid. 

%. Heat Transfer Between Liquid )et and Tank tkail: 

a. Nucleate Boiling 

b. Film Boiling 

y Heat Transfer Between (Vulk Fluid and Tank Ball. 


Figure 2-b RECEIVER TANK THERMOHYNAMIC MODEL 
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The relationships contained in Equations 2-1 through 2-V were used to generate heat 
transfer coefficients for input to the receiver TNKCAP. The heat transfer coefficients 
used for prechill are: 

Vapor to tank wall; 

hj = 28.4 w/m^-°K (> btu/hr-ft^-'^R) (from Equation 2-1) 

Liquid to tank wall; 

hj = 85.1 w/m^-°K (1 5 Btu/hr-ft^-°R) (from Equation 2-3) 

Liquid to vapor; 

hj z 300.8 w/m^-°K (53 Btu/nr-ft^-°R) (from Equation 2-2) 

DurinR filling, the liquid-vapor heat transfer, evaluated using liquid properties, is: 

hj = 3fe3.2 w/m^-°K (64 Btu/hr-ft^-°R) (from Equation 2-1) 

The correlations ol Reference 27 (Equations 2-5 and 2-6) were used to predict liquid jet 
requirements to proruote mixing and thermal equilibrium during tank fill. 

Tlie precnill cnarge is initiated by flowing hydrogen through the receiver tank fill 
manifold until the tciOK pressure reaches a predetermined val'ie (designated the charge 
termination pressure). The charge termination pressure is lower than the pressure 
selected (or vent initiation, which is chosen to be close to the maximum working pressure. 
Tlie difference between the citarge termination and vent initiation pressures determines 
the maximum amount of energy that can be removed during any single charge, hold and 
vent cycle. Initiation of the vent port.on of the cycle is based upon either ttie veni 
initiation pressure, or the difference between the average tank wall temperature and the 
average fluid leuiperature. If tiie average fluid temperature equals or exceeds V5 percent 
jf average tank wall temperature, tlie vent is opened until the vent termination pressure 
IS reamed. This mettiod of operating :t»e vent ensures that liquid is not vented and 
prevents excessive precnill times by eliminating the need to wait lor thentMl e :juilibrium. 
TaPle 2-.\II <oniains the charge, hold and vent pressures for tlie G.165 and 0.36 scaled 


receiver tanKS. 


FM^LC 2-XII PRECHILL CHARGE, HOLD AND VENT PARAMETERS 


Parameter 

0.36, Phase I 
KPa (psia) 

0.165, 

KPa 

Phase 11 
(psia) 

Charge Termination Pressure 

103.4 

(15.01 

13“^. 9 

(15.0' 

Vent Initiation Pressure 

241.3 

(35.0) 

241.3 

(35.0) 

Vent Termination Pressure 

10.3 

(1.5) 

10.3 

(1.5) 


Based on the heat transfer coeffirietits presented and the pre*:hill operational parameters 
(i.e., charpe termination, vent initiation and vent termination pressures), the re.eiver 
tank computer model was used to predict temperature and pressure histories for both the 
Phase I and Phase II receiver tanks. It was assumed that good mixing between the bu.k 
liquid and vapor existed to promote thermal equilibrium. Figures 2-7 and 2-8 show the 
temperature and pressure histories for Phase I and Phase II receiver tanks, respectively. 
These figures show that three prechill cycles are required for the Phase I receiver tank 
and six prechill cycles are required for the Phase II rc*ceiver tank. 




Figure 2-7 PHASE I RECEIVER TANK TEMPERATURE 
AND PRESSURE HISTORIES 
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Figure 2-8 PHASE II RECEIVER TANK TEMPERATURE 
AND PRESSURE HISTORIES FOR PRECHILL, CHILL AND FILL 


2.5.4 Start Basket Vapor Collapse . Filling of the start basket will be accom- 

plished by flowing a portion of the subcooled inlet fluid through the start basket outlet 
(i.e., back filling). An analysis in Reference 1 indicated that an inlet flow equivalent to 
four jets would be sufficient to condense any trapped vapor during filling the Phase II 
receiver tank. 

The active bubble collapse time is a function of basket volume, degree of subcooling, 
fraction of trapped vapor and inflow rate to the basket. This relationship is given by 
Equation 2-8. 


At = 


’'°B °L ’"l - ^ul* - (X Uy . (I - X) u,_ ■ h^, ) 
^in ^^in " ^'‘out^ 


(Equation 2-3) 
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vvhfro; 


VO„ Start basket volume in (ft ) 

' 1 3, 

s Liquid density Kg/rn (Ib/ft ’ 

= Liquid internal energy in basket 1/Kg (Btu/lb) 
b^^^^ = Enthalpy of liquid leaving at initial basket condition J/Kg (htu/lb) 

rn^ r Original mass of liquid and vapor in basket Kg (lb) 

X = Initial quality in basket 

Uy = Vapor internal energy in basket 3/Kg (rttu/lb) 

^^in ■ liquid Kg/sec (Ib/sec) 

*’in ■ of subcooled jet inlet flow 3/Kg (htu/lb) 

At = Collapse time (sec) 

For the 0.165 scale model, the approach investigated to collapse vape in the start basket 
was to flow 22 percent of the inlet flow through the start basket outlet and channels into 
the basket to condense the trapped vapor. As shown in Figure 2-9, using the equivalent 
flow from four jets will result in collapse times (using Equation 2-8) of approximately one 
minute. This assumes that four vapor bubbles of 54.6 mm diameter (2.15 in) were trapped 
between the channels, the mass flow rate from each jet is 1.26 g/sec (0.0028 Ib/sec) and 
the tank liquid is saturated at 1 38 KPa (20 psia). 

Passive bubble collapse was evaluated for the largest possible bubble present in the start 
basket following fill. The follow'ing relationships (from Reference 17) were used to 
calculate the collapse times. 

For a spherical bubble with radial motion: 

T H ■ 7 ( a * (Equation 2-9) 

and for a plane interface (neglecting bubble curvature and convective heat transfer): 

- = 1 - (Equation 2-10) 
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Figure 2-9 ACTIVE VAPOR COLLAPSE USING LIQUID FLOW 
INTO START BASKET (0.165 SCALE) 


where: 




= 4 


a t 



o 


(See Table 2-IV (or nomenclature.) 

Figure 2-10 illustrates the relationship between tank pressure subcooling and vapor 
collapse times given by Equations 2-9 and 2-10. The maximum size of a trapped Dubble 
for a 0.165 scale model start basket is shown by the vertical line in Figure 2-10. These 
collapse times are on the order of hours as opposed to minutes for active collapse (Figure 
?-9). 


A- 
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Figure 2-10 BURBLE SIZE VERSUS COLLAPSE TIME 
(PASSIVE BUBBLE COLLAPSE) 


2.5.5 Venting . It must be demonstrated that helium can be removed from a 

partially filled LO 2 or LH 2 POTV tank. As reported in Reference 1, this is required to 
prevent overpressurization of the tank during refill. The technology to accomplish helium 
venting will be demonstrated in this experiment. 

Two approaches to helium venting were considered; The first approach (active) utilizes 
the primary RCS thrusters to settle the liquid in the receiver tank during which time 
venting occurs; the second approach (passive) will use a tapered vent tube (Figure 2-1 1) to 
separate the liquid and vapor phases. 

The vent tube operates by shedding most of the liquid which is in contact with the tube 
surface. Small amounts of liquid may be trapped inside the tube prior to venting, but will 
have a negligible effect on overall vented fluid quantity if the bulk liquid resides in a 
"normal" low-gravity position as shown in Figure 2-11. 





Vent Line 



.iquid 


10 cone half angle 


Frustum of cone (D^/5) 


Figure 2-11 VENT TUBE LOCATION AND CONFIGURATION 


An analysis was conducted to determine partial pressures of hydrogen and helium in the 
tank during venting. It was assumed that psuedo-equilibrium conditions exist in the tank. 
This assumption implies that vent flow rates be sufficiently small so that hydrogen boil- 
off occurs at a rate appproximately equal to quantity of hydrogen vented. However, the 
amount of hydrogen boiled off is slightly lower than the amount vented, due to liquid 
cooiing, resulting in a reduced partial pressure of the hydrogen. This analysis assumes, 
therefore, that the hydrogen partial pressure is the saturation pressure based on the liquid 
hyd ogen temperature. 


The model employed in this analysis is shown in Figure 2-12. Calculations using a half-full 
Phase II receiver tank produced results showing the average tank temperature, total tank 
pressure, and helium and hydrogen partial pressure (Figure 2-13) histories assuming a 22.7 
gm/sec (0.03 Ib/sec) vent outflow rate. 





Figure 2-12 HELIUM VENTING MOOEL 


^ T-f ■» T ■» » f Tf ■« > i . 
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Figure 2-13 RECEIVER TANK TEMPERATURE ANH 
PRESSURE HISTORIES DURING VENT 





2.5.6 Receiver Tank Pressurization . Receiver tank pressurization will be accom- 

plished using ambient helium injected into the tank. Pressurization considerations have 
been evaluated only to the degree to which they affect experiment objectives of capillary 
device thermal conditioning and refilling of a partially full tank. Interactions of 
liquid/vapor mixing subsequent to pressurization and resultant pressure history and 
capillary device evaporation on bulk boiling considerations should be part of the detailed 
design to characterize pressurant injection location and temperature requirements for an 
actual POTV case. 

During detailed design of the experiment, an assessment of the current state of 
development of the POTV should be made to determine if autogeneous pressurization is 
feasible. If it is, then autogeneous pressurization testing may be included in the 
experiment. 


2.6 Scaling Analysis . An analysis was conducted to determine if the data 

obtained from the Phase 1 and Phase 11 receiver tanks could be scaled to the prototype 
tank (POTV). The series of curves given in Figure 2-14 were constructed, using data 
presented in Reference 8, showing the dry tank mass, wetted mass and total mass as a 
function of tank scale for the prototype tank. Tank scale or scale factor, is defined as the 
ratio of model to prototype tank dimensions. Dry tank mass is the mass of the pressure 
vessel; the wetted mass is the dry tank mass plus the mass of the internal components; the 
total mass is the wetted mass plus the insulation, external structure and hardware. 

The model receiver tank allowable pressure, as a function of tank scale, is shown in Figure 
2-15. At a constant pressure (172.4 KPa (25 psia) for the prototype), the model tank wall 
thickness decreases as the scale factor decreases until the minimum wall thickness of 
0.635 mm (0.025 in) is reached. (This is the minimum wall thickness that can be welded.) 
At this point allowable model tank pressure increases as scale factor decreases. At a 
scale factor of unity, the model tank wall thickness exceeds the prototype wall thickness, 
because the selected model tank material, 6061 -T6 aluminum, has a lower ultimate 
strength than the POTV material, 2219-T87 aluminum. 6061 aluminum was selected 
because it exhibits superior weldability and corrosion resistance than does 2219. 

Scaling parameters discussed in Reference 1 are plotted as a function of tank scale in 
Figure 2-16 (P*, V» and represent the ratio of model to prototype pressure, volume 
and wetted mass, respectively). To produce these plots, tank volumes for both the model 
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and prototype are calculated frenn the geometric relationships using tlie appropriate 
scaled tank dimensions for the model; dry tank masses are calculated from tank surface 
area and wall thickness; the mass of the model tank internal components is assumed to 
vary with the square of the model tank radius and is assumed to be equal to the internal 
components mass of the prototype tank when the model and prototype radii are equal (i.e., 
tank scale = I). The break in the three curves at a scale factor of approximately 0.34 
occurs at the point of minimum model tank wall thickness. At scale factors larger than 
this, model tank pressure is assumed equal to prototypie tank pressure, and model tank 
wall thickness increases linearly with increasing tank scale. Thus, the V»/M* and 
P*V*/M» curves coincide in this range because P* = I. At scale factors below 0.34, model 
tank pressure increases at the same rate as V*/M* decreases. Consequently, P*V*/M* = 
constant as scale factor approaches 0. At a scale factor of I, V*/M* and P*V*/M* do not 
reach unity, again because the model tank wall is thicker than the prototype, causing M* 
to be greater than I. 

The plots in Figure 2-16 illustrate that exact P»V»/M» or V»/M* scaling is not possible. If 
22I9-TS7 aluminum were used in model tank construction, P»V»/M* and V*/M* would be 
closer to unity at the higher scale factors, allowing nearly exact scaling at these 
conditions. However, the Phase I and II receiver tank scales of 0.36 and 0.165, 
respectively, are so low that exact scali^'-g would not be possible even if the model tank 
were constructed with 2219. Since exact scaling is not possible, the experiment was 
designed to maintain similar flow and heat transfer regimes between model and prototype 
so that the same anaivtical expressions will apply to both the prototype and the model 
(i.e., similarity scaling). 

The relationships governing the transfer processes were identified in Table 2-VI. The 
initial consideration was to determine which of these equations applied to the POTV 
transfer processes. The second consideration was the modeling constraints imposed on 
ex|)eriment conditions if the relationship were to be scaled from prototype to model. The 
final cons I derat iivi was the regimes over which the equations were applicable for the 
POTV and whether model conditions could be maintained within these regimes. 

Of the equations from Table 2-VI, Perrv and Chilton (Reference 32) and Rromley 
(References 29 and 30) were found not to be applicable to the POTV. For film boiling, 
scaling analysis indicated that l\erenson (Reference 11) did not set regime limits and only 
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required maintenance ol equivalent ^ levels .■K-tween model and prototype. For evapora- 
tion ol drops, Vuen anci Chen (Relerence 14) were selected over Eisenklam (Ketcrence 31) 
decausc ol its greater applicability to the anticipated model velocity range. The 
equations, along with their limits lor satisfying the regime requirements, selected lor use 
in tne scaling analysis are given in Taule 2-Xlll. 

Exact scaling relationships were determined bv setting each equation of Table 2-XIII equal 
to itsell lor both prototype and model conditions. Fluid properties in the model and 
prototype are assumed to be identical. Additional constraints include: 

Ratio ol tanK diameters D /O s 0.1b) 

m p 

Model taiiK diameter (Phase II) O = 0.69 m (2.28 ft) 

m 

Maximum supply tank outflow rate ifi^^ s 22.7 g/sec (0.0) Ib/sec) 

Precnill: Prototype inlet velocity Vp = 3.3 m/sec (11 ft/sec) 

Prototype mass How rate rfip = 0.4) Kg/sec (1 Ib/sec) 

Fill; Prototype inlet velocity Vp = 6.7 m/sec (22 ft/sec) 

Prototype mass How rate '^p = Kg/sec (2 Ib/sec) 

Evaluation ol tne exact scaling relationships yielded conflicting model inflow velocity and 
jet diameters. For example: 

1. The jet orifice diameters required to model a typical POTV with a liquid inflow 
velocity ol 0.)6 m/sec (1.83 It/sec) are; 

Yuen and Chen, evaporating crop - 0.61 mm (0.002 ft) 

McCinnis, boiling drops - 4.)6 mm (0.01) It) 

Okita and Oyama, mixing - 17.6 mm (0.00)79 It) 

2. Table 2-Xlll (column titled: Model Constraints for Scaling) shows conflicting 

velocity requirements will result from exact scaling constraints using a fixed jet 
diameter. 

Uith the inability to utilize exact scaling, a similarity scaling technique was employed 
which consisted ol maintaining similar heat and mass transfer regimes. Table 2-Xlll 
(column titled: Limits ol Model Conditions Required to Maintain Similar Regimes) 

contains a summary ol velocity constraints lor similarity scaling analysis. 
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TABLE 2-XIII SUMMARY OF 
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For modeling based on maintaining similar flow and heat transfer regimes, the following 
limits were found for the jet velocity and orifice diameter of the jet: 

Yuen and Chen, evaporating drops - 8.71 x 10"*^ < V d < 8.71 x 10"^ m^/sec 

2 , 2 ^ ^ 

McGinnis, boiling drops - < 2.0 m /sec 

Selecting d^ “ ^p “ (0.0104 ft) and a velocity of 2.29 m/sec (7.5 ft/sec) satisfies 

the regime constraints for both high and low Bond number mixing. The POTV will 
experience low Bond number mixing during high Earth orbit coasts and high Bond number 
mixing during propulsive maneuvers and the low Earth orbits. 

Based on these requirements, inflow conditions were selected for the model so that the 
same flow and heat transfer regimes will be maintained in the model as in the prototype. 
The scaled receiver tank conditions are summarized in Table 2-XlV. The liquid require- 
ment for line and tank chilldown was computed based on data presented in Reference 8 
and assuming that the vent fluid leaving the tank exits at a temperature nearly equal to 
the average tank wall temperature. 


TABLE 2-XlV SUMMARY OF CFMF MODEL CONDITIONS 



Model Receiver Tank ] 

Item 

0.36 Scale 

0.165 Scale 

0 Tank Configuration: 

Geometr y 

Volume 

Diameter 

Cylindrical Length 
Total Length 
Surface Area 
Thickness 
Material 

Cylindrical - l.3a.Elliptical Heads 
i.42 (191.3 Un 

1.52 m (4.98 ft) 

2.25 m (7.38 ft) 

3.35 milO.98 ft) 

16.7 m^(l79.6 ft^) 

0.97 mm (0.038 in) 

6061 Aluminum 

Cylindrical - l.38,Elliptical Heads 
0.52 m^ (18.42 If*) 

0.69 m (2.28 It) 

1.03 m (3.38 ft) 

1.53 m (5.03 ftl 
3.5 ni (37.8 ftM 
0.635 m (0.025 in) 

6061 Aluminum 

0 Tank Weight: 



Dry Tank 

45.8 Kg (101 lb) 

7.26 Kg (16 Ibi 

Fluid Load (LH^) 

N/A 

33.0 Kg (72.74 lb) 

0 Therrnal/Fiuid Parameters: 


1 

1 

Initial Temperature 

I 300°K (540°K) 

300®K (540®R) ; 

Inlet Fluid (LHJ 

* 103 K Pa (1 3 psia) Saturated , 

1 103 K Pa (15 psia) Saturated 

1 Fluid Velocity ^ 

1 2.71 m/sec (8.9 ft/sec) ' 

2.29 m/sec (7.5 ft/sec) . 

' Mass Flow Rate i 

22.7 gm/sec (0.05 Ib/sec) 

1 22.7 gr ec (0.05 Ib/sec) i 

j Prechill Temperature 1 

1I4®K (205°R) 

1 100°K (180°R) 1 

Maximum Tank Pressure 

241 K Pa (35 psia) 

261 K Pa (35 psia) 

3et Diameter i 

15 Jets - 3.18 mm (0.125 in) 

18 3ets - 3.18 mm (0.125 in) 

Line and Tank Chilldown 

2.9 Kg (6.4 lb) 

0.95 Kg (2.1 lb) 




*■’1 M 
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2.7 Facility M .trd\\arc tVstri iption. The I’hasc I and IMuno II lacilitv Roncral 

ronlij^urations are illustrated by Figures 2-17 and 2-lS, respectively. The tollowing 
pviragraphs describe the major Hardware compvTnents Kk ooth phases o I the tvicility. 



Rri'^ivrr T.ink 
Hrliiitn Supply 


(Cl \<E Tank Hiddrn W\ Thr Rrcfivrr Tank) 


^ Instrumrntation 

at>d Control 


Receiver Tank 


Figure 2-17 CFMI* PHA^L I SFACELAh PALLET 

2.7.1 C tML Sup p ly lank . The CTML supply lank is a O.bO in^ (21.1^ It spherical 
dowar. It lus a TVS consisting ot a vapor-cix)led shield (VOS) and two heat exchangers. 
The primary heal e\i hanger operates in a steady state mode while the secondary hCiit 
exchanger operates in a transient mode. 

2.7.2 Receiver Tjijtks. I he Phase 1 receiver tank is to be a 0. 3f» scale POTV liquid 

hydrogen lank. It is a cylindrical tank leaving a total length ot m (10.98 It), a 

diameter ol l.^2 m (^.98 It) ana elliptical lieads having a radius-to-height ratio of 1.38. 
The tank will bt' constructed ol aluminum and will contain an inlet manilold, a helium 
dillusi'r ana, to lacilitate data acquisition, an instrumentation tree. 



Tho Ptwsr II receiver tank will represent a 0.165 scale POTV liquid hydrogen tank. It will 
also be an ellipticallv headed cylindrical tank with a radius-to-height ratio of 1.38 and a 
total length and diameter ol 1.53 m (5.03 ft) and 0.85 m (2.78 ft), respectively. Unlike 
Pltase I, the Phase II receiver tank will be used for two missions with different internal 
configurations fiv each mission. Tht' Phase II, Mission Two, receiver tank will contain an 
inlet manifold, tielium diffuser, instrumentation tree, tapered helium vent tube, vapor 
pullthrough suppression baffle and an internal TlKTinodynamic Vent System. 

The Pltase II, Mission Three, receiver tank will have an internal configuration similar to 
the Phase II, Mission Two, receiver tank with the replacement of the vapor pullthrough 
suppression baffle with a start basket. The following paragraphs describe the internal 
hardware of the receiver tank in more detail. 
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2.7.2. 1 Inlet Manitold. The liquid inlet manifold's primary functions arc to 
distribute liquid on the receiver tank wall and to assure mixing during receiver tank fill. 
Two possible techniques are available for accomplishing this: the use of spray nozzles and 
the use of a tube with holes placed longitudinally along it. Spray nozzles were the 
technique proposed in References I and 1 1 for use in the POTV. An analysis of the POTV 
spray nozzles to determine velocities at the nozzle exit and tank wall and the capability 
of the spray nozzles to satisfy fluid mixing requirements during fill of a POTV indicated 
that the spray nozzles may be inadequate. Therefore, the recommended approach for 
CFMF to assure sufficient mixing and heat transfer is the use of liquid jets preyided by a 
tube with holes placed along its length. 

2.7. 2.2 • H elium Diffuser . The purpose of the helium diffuser is to ensure that warm 
helium entering the receiyer tank does not impinge directly on the capillary device or 
generate liquid spray. 

2.7. 2.3 Tapered Vent Tube . The function of the tapered vent tube is to shed liquid 
during venting, thereby allowing the venting of vapor only during low-g coast periods. 

2. 7. 2.4 Liquid Acquisition ITevice . Liquid acquisition in the receiver tank during 
periods of low-g operation is accomplished by means of a start basket. The start basket is 
a screen device designed to trap liquid over the tank outlet during periods of low gravity. 
This trapped liquid serves as a vapor-free reservoir for boost pump and engine startup 
until the bulk of the liquid in the tank is settled and can be withdrawn from the tank 
outlet. The settled liquid refills the start basket for the next startup. A typical start 
basket configuration is illustrated by Figure 2-19. 

There are a number of important considerations which determine the design of the start 
basket: 


1. The quantity of liquid trapped in the start basket must be sufficient to provide 
outflow from the tank during settling and allow for evaporative losses from the 
screens during periods of low-gravity operation. 

2. Liquid leaving the tank must be vapor free. This is usually accomplished by means 
of screened channels inside the start basket. These channels are designed so that 
they are in contact with liquid under all operating conditions. The wetted channel 
screens prevent vapor from entering the outlet. 


■iO 



Figure 2-19 GENERAL START BASKET CONFIGURATION 


3. The screens forming tfie surface of the start basket must be sized to retain liquid 
at all expected acceleration levels. 

4. The screen geometry of the start basket must provide rapid wicking of liquid along 
the screen to replace evaporative losses and prevent screen dry-out during low- 
gravity operation, 

5. The overall geometry of the start basket must be designed to permit rapid refilling 
at expected tank liquid levels. 

2.7. 2.5 V apor P ullthrough Supp r ession . The Phase II, Mission Two, receiver tank 

may contain a vapor pullthrough suppression baffle to prevent the ingestion of vapor into 
the outflow line during receiver tank depletion. The receiver tank w’ill be drained by 
utilizing the RCS primary thrusters to settle the liquid in the tank. Without the baffle, 
vapor ingestion may occur for the low-g levels generated by the RCS primary thrusters 
resulting in excessive liquid residuals. 


.«• 
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2.7.3 Helium Pressurization Bottles . As part of the ground rules for this study, 
the four helium pressurization bottles selected for the CFME supply tank were to be used. 
These tanks are titanium 0.35 meter (13.9 inch) diameter spheres and are rated at 22.1 
MPa (3200 psia) working pressure. 

The receiver tank helium pressurization and inerting will come from an independent 
source. A helium volume of approximately 0.23 m^ (8 ft^) was determined to be 
sufficient for pressurization and inerting requirements. This volume was based on the 
worst case helium requirement: the inerting of the Phase 1 receiver tank. This tank has an 
internal volume of 5.4 m^ (191 ft\ Assuming a final tank temperature and pressure of 
280®K (504°R) and 241 KPa (35 psia), approximately 2.27 Kg (5 lbs) of helium are required 
for a single tank pressurization. The inerting of the tank will consist of one charge, 
blowdown and a final charge. Therefore, approximately 4.54 Kg (10 lbs) of helium is 
required to complete receiver tank inerting. A factor of safety of 1.5 was used to ensure 
that sufficient helium will exist for any unforeseen events. The requirement for 0.23 m^ 
(8 ft^) of stored helium was determined using a helium loading tempierature of 300°K 
(540°R) and a working pressure of 20.7 MPa (3000 psia). 

2.7.4 Data Acquisition and Control and Data Recordin g. The Data Acquisition 
and Control System (PACS) is a microprocessor based computer used to monitor and 
control the experiment. This study was directed to examine the applicability of the OACS 
and tape recording equipment used in the CFME design study for the entire facility. 

2.7.5 Instrumentation . Instrumentation requirements to determine that the 
facility is functioning properly, control the experiment and collect data on the perform- 
ance of the facilitv were identified. These requirements are: (1) temperature measure- 
ments. (Zl ^ 1 . ossure measurement, (3) liquid vapor sensing, (4) quality measurement and (5) 
mass gauging. 
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3.0 


FACILITY CoNCLPriJAL DlSICA AND ANALYSE 


This section describes the conceptual design and analysis ol tne Cryogenic Fluid 
Management Facility (CFMF) based on the preliminary facility definition contained in 
Section 2.0. The conceptual design includes a description ol the receiver tanks, support 
structure, acquisition device, thermal and pressure control systems required for the supply 
and receiver tanks, all fluid fill, drain, vent ana transfer lines, instrumentation, data 
acquisition and experiment control systems. Structural, thermal, fluid mecnanic and 
safety/reliability analyses were conducted based on the conceptual design. In addition, 
Payload Specialist involvement and ground support equipment requirements are identified. 
An experimental test plan was developed for each mission, including ground test 
requirements, launch procedures and on-orbit operations. 

3.1 Facility Conceptual Design . This paragraph describes the CFMF hardware 

requirements for both phases, including the drawings produced for each phase. Taole 3-1 
contains a list of the drawings by figure number. In some cases, the Phase 1 and II 
drawings are identical. These drawings will only be included in the Phase 1 design. 


TABLE 3-1 CFMF DKAMUNC LIST 


Drawing Title 

Figure 

Number 

General .Arrangement, Phase 1 

3-1 

Flow Schematic, Phase 1 

3-2 

Keceivei Tank, Phase 1 

3-3 

Receiver Tank Insulation, Pliase 1 

3-4 

insulation Attachment 

3-5 

Insulation Lap Joint 

3-6 

Strut Detail 

3-7 

Helium Pressurization Bottles 

3-8 

Component Details 

3-9 

Instrumentation Free, Phase 1 

3-10 

Instrumentation Pallet A, Phase 1 

3-11 

Instrumentation Pallet B, Phase 1 

3-12 

General Arrangement, Phase II 

3-13 

Flow Schematic, Phase II 

3-14 

Receiver Tank, Phase II, Mission Two 

3-15 

Receiver Tank, Phase II 

3-16 

Receiver Tank Insulation, Phase II 

3-17 

Instrumentation Tree, Phase II 

3-23 

Instrumentation Pallet A, Phase II 

3-24 

Instrumentation Pallet B, Phase II 

3-25 
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1.1 Phase 1 nest Rn. The Phase I facility (general arrangement is shown in Figure 

3-1. The major hardware components are the receiver tank, supply tank, helium 
pressurization system and supporting hardware. The following subparagraphs describe the 
flow scliematic and hardware components. 

3. 1.1.1 Flo w Sc hematic. The flow schematic was developed to be consistent with 

the Phase I experimental objectives. Inis flow schematic and a description of the 
function of each ol its components are given in Figure 3-2 and Table 3-11. The data and 
control columns in Table 3-11 differentiate which instruments collect data and which 
instruments control the experiment. A safety consideration in the development of the 
facility was to assure that no single component failure would endanger the Space Shuttle. 
This approach mandated that critical active components, such as valves, be protected by a 
passive system using a burst disc or relief valve. 

The first objective of the Phase I facility is the evaluation of the supply tank liquid 
acqjisition device's capability to provide vapor-free liquid outflow. This will be 
accomplished bv measuring outflow quality from the acquisition device with quality meter 
Q\12. QM2 will be calibrated by independently determining the average outflow quality 
and volumetric flow. The average outflow' quality is evaluated by measuring the power 
required for heater HXl to vaporize and slightly superheat the outlet fluid. At a given 
heater power of 2080 watts, the maximum mass flow for which quality verification is 
possible is directly proportional to quality. For an outflow’ quality of 0.0, verification of 
the quality is possible only for mass flow rates less than 1.35 g/sec (0.003 Ib/sec). For 
higher flow rates, either a larger heater would be required or it must be demonstrated 
that the accuraev of the quality meter is independent of mass flow rate. The volumetric 
flow rate is measured by volumetric flow meter VMl. To assure that condensation does 
not occur within VMl, additional heat may be added to the flow through HX2. 

Tne second objective of Phase 1 is demonstration of the on-orbit quantity gauging system 
for the supply tank. The method proposed lor calibrating the mass gauging system is 
based on knowing the initial quantity of liquid hydrogen in the supply tank at launch and 
keeping track of all exiting flows. The proposed quality meters, QMl and QM2, have a 
built-in integrating capability which will allow for the summation of outflows. 

The third and fourth objectives are evaluation of the transfer line and receiver tank 
cooldown processes. Receiver tank prechill and chill will involve the charge, hold and 
vent procedure outlined in Paragraph 2.2. The precliill charge is initiated by opening flow 
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Fipure V2 PHASE 1 FACILITY FLOW SCHEMATIC 






lArtLL 3-11 PHASL I KLOV^ SJ^ld\>ATIO COMPv'NENT FU\C I IO\ 




Compon*«it 

Idrntifi- 

CAtion 

Number 

D«u 

ConU')! 

Function 

50VI 


X 

Opmt upon orbit intortion to permit ventingt cloteO <keinn fpounO operotirm to aI1o« ventir>| 
throofn T*0 umbilical. 

SOV2 


X 

c>pen» Our inn horitontol (fe^ain operations; activated onU »hen supply tana it loaded upon 
landing. 

Wl 


X 

Opens to permit operation of supply unk TVS. 

iOV% 


X 

Miotes receiver tank venting. 

w»v» 


X 

v.>pens to permit supply unk grournl Oram at time < k hours by utilitir^ T-U umbilical; closed 
during flight operation and ground fill. 

SOVf* 


X 

Open during supply tarsk filli allows ventirxg during fill; closed durir^ all other operations. 

SOV7 


X 

c>pem to ^llow LH. to enter receiver unk through inlet manifold; may be operwd during 
emerger>cy condition! resulting from receiver unk over pretaur nation. 

SOVI 


X 

Opens during calibration of (2^2) may be opened if receiver unk overpressurnes to provide 
additiorul venting capability. 



X 

First valve m supply tank primary pressur nation system; operates only when NOV 10 is closed. 

50WU 


X 

Necond valve in supply tank primary pressur nation system; operates only when NOVy is closed. 

V>VII 


X 

First valve in suppiv unk backup pressur lUtion system; operates only when NOV 12 is closed. 

!W)VI2 


X 

Netond valve in suppiv Unk backup pressur nation system; operates only when Nc^\ 11 is closed. 

V>V II 


X 

Necond vajve in receiver tank primary pressurnation system; operates only when V^Vl* is 
closed. 

l« 


X 

First valve in receiver tank primary pressur ixat ion system; operates only when NOV 1 1 is closed. 

sovu 



Nri ond valve in receiver tank backup pressur ijution system; operates onlv when NOV Is is 
closed. 

s».>v u 


X * 

1 

j First vsive m receiver Unk bacsup pressurization system; operates only when Nc>V 1) is closed. 

vn 


X 

1 c^n% during suppiv Unk helium bottle ;>ressur nation perlOkfned in KNC Operations and c cmtrol 
1 lOAU Building. 

11 

1 

1 

1 

X 

1 Miowv venii«^ of receiver uns helium bottles if an overpressuriution condition is deie< teo by 
, PT^. 

V>V 1^ j 

1 

X 

' Open during receiver Unk helium honle pressurization performed in KNC 04C Building. 

NOV 20 

1 

1 

1 

X 

pp^mits venting of supply tank helium bottles if an over pressuriution corvdition is drtei ted by 

1 

rcNi 

1 


Controls Sigipiv tanii outflow rate; opens during calibration of s2^2. evaluation of suppiv tans 
capillarv devKre ^ durir^ receiver unk prechill. 

KVl 1 

1 

1 


Prevenu over preuur lUt ion of supply lank during all operations. 

KV2 



Protects receive! tank from overpressuriution during all operattoru. 

KV 1 



Protects supply Uns from overpressuriution during grosmd loadir^ operations. 

HV* 



Protects transfer line components from over presauriution resultir^ from LH« botltr^ in closed 
Une segment between FCV 1. NOVI and NOV7. * 

hOI 


1 

Protetts entire facility upon failure of NOVI; low pressure burst disk bursts at approsmiately 
lO^xPaUNpaid). 

PTi 



Vppiv unk TV N esitiftg pressure. 

PT2 

X 

X 

Mereiver tank vent pressure and uns pressure. 

PTI 

X 


Nippiv Tans presaieiuiion line pressure. 

PTv 

X 


Transfer une pressure at supply urw outlet. 

PTI 

X 

* 

Heat esc"«arigef IHXl) pressv^e used to determine uturation tempefsture which controls heater 
input. 

PTft 

X 

1 

1 

Hecetvrr tans pressuriution lirve pressur*. 
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TAhLL J-ll PHAhL I f'LOVl SCHEM-UIC COMPOMM KUNCTION ICorviudi'd) 


Component 

cotton 

Number 

Dou 

Control 

"1 

Function | 

PT? 

X 


Trofuler linr pretrure it receivi^ took miet. ; 

PTI 


X 

Supply unk hplium pre%iuritition tupplv prr%«ure. 

PT» 


X 

Kri'eiver took helium pre%iurixotion iuppU pfv««ure. 

PTIO 

X 

X 

Supr>|y unk preMure. 

TM 

X 


Supply unk TVSe«it temperiture. 

TS? 

X 


Kereiver tortk vent teniperiiurr. 


X 


S^>ply unk preMurixetion Unr temper iture. 

TNt* 

X 


Tronifer line tett'perittee it %upply Unk outlet. 

T^^ 


X 

t4e«T hanger IHXl) rii« temperiture; given PT>. this temperature i» rontrolletl to iiightlv 

greater *:.in the corretponding iaturation temperature. 

T^^ 

X 


Kes.eivef tank preMur .lation Urw temperature. 

JS7 

X 


Tran%fer lirw temperature at receiver tank tnlet. 

TM 


X 

Supply tank helium pretftuniation lupplv temperature} ’itrO «nth PTI arul helium bottle volumes 
to Oetrrmifve helium quantity. 

TM 

1 

1 

X 

Rei«**ver tai^k helium pretftunxation supply temperature j»e<J aith PT^ arxJ helium buttle 
volume* to determine helium quantity. 

TMO 1 

i 

1 

! 

X 

L«it temper atier to heat e«(. hanger (HX2) used to enture that volumetric flo« meter (VMil 
mrakcee* vapor llo» by controlling heat input. 

v?M| 

1 X 


Su|H>lv t«<ik TVSe«il Item quality and flo% rate. 

OM2 

X 

X 

Sig)plv tank outllo« quality uted to determine *uppl« taru» capillary device pe' lormani e. 

OM I 

X 


Keceiver lanv vent quality uird to deter inink* il liquid i» jventeO. 

VMI 

1 

X 

1 


Determine* voiumeinr ftor» rate} uied »ith quality determined from heat e«i hanger IHXI) to 1 

calibrate CMi. | 

FOI 


1 

1 ViacD-}et uted to pro*»dr iienthalpu e*paruion ol tuppiv Unk TVS floe, | 

1 



1 1 

1 Ke*tncti *i4H>lv *ank helium prriaurant ficm rate. 

FO) 



1 KettricU receiver tank helium preiaurart tlo» rate. 

FI 



1 Filter uted to pfevr*»t i logging of Fw'2. 

FJ 



Filter uted to prevent i Uiggirq( of FOX. | 



X 

Segipir tank quant. ty rftea*urenvenl. | 

HXI 



Heal eti'har^er lew calibration of 0X4 2* I 

HX2 



Heat etc hanger to irusee vapor fio« through >MI. 1 


control valve Fl'Vl and solenoid operated valve Sv>V7; V''V4 \^i!l he open durini; ■nil 

vent. Fransler Iiik* l■ooldo^^n \ull he completed during the initial prerhill charge 
Temperature vensors alon^ tlie transler line and v^ithin the receiver tank w ill tx- m : * to 
collect the cooldown data. 






In arlditi'Vi tv> mcctrni* the experifncnt obiertives. the flow network must permit 
performance of certain other tasks, lor example, tlx* helium pressurization and inerting of 
the supply and receiver tanks. 

VI. 1.2 Si 'pply Tank . The supply tank is the CF\1E tank described in Reference If*. 

A brief description of the supply tank support structure, thermal and pressure control 
systems follows. 

Support StriKture . Figure 2-18 shows the supply tank mounted on the Spacelab pallet. 
The pressure vessel is supported within the outer shell by two S-gIass/e|X)xy trunnions 
attached to the girth ring. The girth ring is positioned in the Y-Z plane (reference Figure 
2-2) when mounted in the Spacelab pallet arid attaches to the base support frame through 
two biood struts and a shear support. 

'ihermal Control System . The thermal control system consists cl a vacuun* jacket, 
Therrnodynarnic Vent System (TVS) and Multilayer Insulation (MLl). The vacuum jacket 
provides an evacuated annulus around the pressure vessel and protection for the MLl. The 
TVS maintains tank pressure by venting hydrogen from the liquid acquisition device 
through two heat exchangers, each having an orifice to reduce hydrogen pressure and 
temperature. These heat exchangers intercept heat at the tank penetrations and through 
the MLl. Flow in the two heat exchangers is controlled by on-off latching solenoid valves 
actuated by the Hata Acquisition and Control System (DACS). The MLl consists of 75 
layers of double aluminized mylar between the vapor-cooled shield and the outer shell. 

Pressurization Control System . The pressurization control system described in Reference 
3f> IS shown schematically in Figure 3-2. It consists of two pairs of solenoid operated 
valves separated by a preset length of line. Helium is injected into the supply tank by a 
series of two solenoid operated valves. The valve closest to the helium supply is opened 
and the pressure in the section of line between the two valves equalizes at tfie lielium 
supplv pressure. This valve is then closed and the valve closest to tlx* supplv tank i? 
opened allowing the trapped quantity of helium to enter the supply tank. This valve is 
then closed and the sequence is repeated as required. 
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Figure 3-4 PHASE I RECEIVER TANK INSUL 





3. 1.1.3 Rec ei ver Tank . The receiver tank for Phase I is a 0.36 scale POTV liquid 

hydrogen tank containing an inlet manifold, instrumentation tree, helium diffuser and vent 
device. Figure 3-3 shows the receiver tank and its internal configuration. The following 
paragraphs describe the subsystems which make up this receiver tank. 

Thermal Protection System . The thermal protection system for the 0.36 scale receiver 
tank consists of 20 layers of double-aluminized Kapton Superfloe and 8 S-glass/epoxy 
struts. The selection of Superfloe as the insulation material for the CFMF was based on 
the insulation system currently being developed by Marshall Space Flight Center (MSFC) 
for a full-scale POTV. The receiver tank insulation layup, Figure 3-4, shows that eight 
gore sections per head and two cylindrical sections are required. Figure 3-5 shows the 
attachment method to be used for the MLI installation. The attachment technique 
utilizes two velcro halves. The half attached to the pressure vessel is larger than the half 
attached to the insulation to allow for alignment during installation. A typical insulation 
lap joint is shown in Figure 3-6. Two 10-layer blankets are overlapped by a minimum of 
50 mm (2 in) and fastened together by thread attached to two nylon buttons. To allow 
evacuation of the MLI during on-orbit operation, the insulation and the face sheet are 
perforated. The tank is thermally isolated from its surroundings by the eight S- 
glass/epoxy struts. 

Support System . The receiver tank is mounted to the Spacelab pallet via an aluminum 
support system which attaches to the pallet hardpoints. The tank is supported from this 
structure by eight S-glass/epoxy struts, shown in Figure 3-7. 

Pressure Control System . The Phase I receiver tank will not contain liquid and therefore 
will not require helium for liquid expulsion; however, helium is required for tank inerting. 
The receiver tank pressurization system is identical to the supply tank pressurization 
system and operates in a similar manner. The helium supply for the receiver tank consists 
of five Kevlar-wound aluminum lined cylindrical high-pressure bottles. They have a 
volume of 26.7 liters (1631 in^) each and a maximum design pressure of 21 MPa (3000 psi). 
The bottles are mounted to a subpallet to facilitate handling and assembly during Spacelab 
pallet integration (Figure 3-8). These bottles are currently undergoing Shuttle qualifica- 
tion for the Manned Maneuvering Unit (MMU). 
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Figure 3-3 INSULATION ATTACHMENT 


- OUTER COVER 
(PURGE BAG) 


NYLON BUTTON 




508 MIN 
(2 O) 




y 


.1 


T 


10 LAYERS MLI 
~^I0 LAYERS MLI 


Figure 3-6 INSULATION LAP XMNT 






A 

R 

C 

D 

PHASE 1 

UPPER 

381.0 

(15.0) 

457.2 

(18.0) 

38.1 

(1.5) 

0.66 

(0.026) 

LOWER 

444.5 

(17.5) 

520.7 

(20.5) 

31.0 

(1.22) 

0.66 

(0.026) 

PHASE l!~ 

~~UiFPER 

533.4 

(21.0) 

(24.0) 

23.4 

(0.92) 

0.66 

(0.026) 

LOWER 

228.6 

(9.0) 

304.8 

(12.0) 

10.7 

(0.42) 

0.66 

(0.026) 


Figure 3-7 SUPPORT STRUT DETAIL 


Inlet Manifold . The function of the inlet manifold is to distribute liquid uniformly onto 
the tank wall and provide jet velocities sufficient to ensure mixing during fill. The inlet 
manifold consists of a 1.38 m (54 in) straight section of tube. This tube is perforated by 
15 holes along its axial length. An analysis (Paragraph 3.2) of the pressure drop was 
conducted to determine the inlet manifold diameter and length required to provide 
uniform flow from each hole. 

Helium Diffuser . Although the Phase 1 receiver tank will contain only vapor, the helium 
diffuser was designed to prevent liquid hydrogen spray caused by helium pressurant 
impingement upon the liquid surface during pressurization. The critical Weber number 
stability criteria contained in Reference 37 is given in Equation 3-1: 

'^®crit= (Equation 3-1) 
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:fmf receiver tank component details 


where: 


w. , = 
crit 0 B 


Re 


V. 

J 


V 

) 

«0 

“g 

rh 


8r 


= p V- d / u 
J 0 g 


4 rfi 



= Ullage density 
= Inlet velocity 
= Characteristic dimension 
= Ullage viscosity 
= Pressurant flow rate 
= Gravitational constant 
= Surface tension 


Using a maximum pressurant inlet flow rate of 9 kg/hr (20 Ibs/hr), the velocity V7 must be 
less than 1.8 m/sec (6 ft/sec) and, therefore, d^ must be greater than 47.0 mm (1.85 in) 
for the cavity stability criterion of Reference 37 to be satisfied. This criterion must be 
met to prevent liquid spray from forming during pressurization. The design of the helium 
diffuser, shown in Figure 3-9, was based on the design contained in Reference 38 and 
scaled to the CFMF application. This design will adequately attenuate velocities to below 
1.8 m/sec (6 ft/sec) for all CFMF conditions, provided the helium inlet flow rate is less 
than 9 Kg/hr (20 Ib/hr). 


Instrumentation Tree . The receiver tank contains an instrumentation tree constructed of 
S-glass/epoxy to minimize thermal mass (Figure 3-10). This tree is contained within the 
tank, as shown in Figure 3-3, and is used to mount instrumentation to provide information 
on tank fluid temperature. During final design of the instrumentation tree, its effect on 
the liquid behavior during low-g and settling will have to be assessed. 

3. 1.1.4 Instrumentation and Control Pallets . Two subpallets are used in tne Phase I 

design to provide mounting for instrumentation and valving. Figures 3-11 and 3-12 show 
the component layouts on pallets A and B; their locations on the Spacelab pallet are shown 
in Figure 3-1. 
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Figure 3-11 PHASE I INSTRUMENTATION AND CONTROL PAlLET A 
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Figure 3-12 PHASE II INSTRUMENTATION AND CONTROL PALLET B 


3.1.2 Phar,e II Design . Figure 3-13 shows the general arrcingement of the Phase II 

facility on a Spaceiab pallet, including the supply tank, receiver tank, helium pressuriza- 
tion bottles, and instrumentation and control panels. It should be noted that the Phase II 
fa<. ty utilizes the same helium pressurization subpallet as Phase 1. The following 
•aragraphs describe the flow schematic for Phase II and the supply and receiver tanks. 


3. 1.2. 1 Flow Schematic . Figure 3-14 contains the Phase II flow schematic which 

was developed to ensure the experimental objectives of Phase II outlined in Table 2-II 
were met. Table 3-I1I contains a description of the function of each component. As in 
Phase 1, safety considerations in the development of the flow scheitiatic were to assure 
thai no single component failure would result in an unsafe condition. 

Phase II ct .sists of mission' :\ko and three; the flow schematic in Figure 3-14 is for 
mission three. The second mission uses the same receiver tank without the start basket, 
the TVS with its externally wrapped heat exchanger and plumbing. 
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TAWLt i-lll PHASt II FLOA SCHEM ATIC COMPONENT FUNCTION 


Component 

Idpntili- 

cetion 

N-wrt;&cf 

D«t4 

Control 

Futk lion 

SOVI 


X 

Opens upon orbit insertion to permit venting; closed during grouiKl opersttons to Allow venting 
through T-0 umbiliCAl. 

SOV2 


X 

Opefis during horizonul drain operations; activated only when supply unk is loaded upon 
landing. 

SOV) 


X 

Opens to permit operation of supply tank TVS. 

SOV4 


X 

XUows receiver tank ventirig. 

SCV5 


X 

Opens to permit suppiv tank ground dram at time < k hours by utilizing T-0 umbilical; closed 
during flight operation and ground filU 

sov«> 


< 

Open during suppiv tank fill; allows venting during fill; closed during all other operations. 

SOV 7 


X 

Opens to allow uM, to enter receiver tank through inlet manifold; may be opened during 
emergerscv conditions resulting from receiver unk overpressurization. 

50V8 


X 

Opens during calibration of 0^42; may be opened if receiver tank over pressurizes to provide 
additional venting capability. 

SOV9 


X 

First valve in suppiv tank primary pressurization system; operates only when SOV 10 is closed. 

SOV 10 


X 

Second valve in suppiv tank prima.’'y pressurization system; operates only wnen SOV9 is closed. 

SOVU 


X 

First valve m supply unk backup pressurization system; operates only when SOV 12 is closed. 

SOV 12 


X 

Second valve in suppiv unk backup pressurization system; operates only when SOVU is closed. 

SOVl) 


X 

Second valve in receiver unk primary pressurization systeni; operates only when SOV Ik is 
closed. 

SOV u 


X 

First valve in receiver tank primary pressurization system; operates only w^ven SOVU is closed. 

SOV IS 


X 

Second valve in receiver tank backup pressurization system; operates only when SOV lb is 
closed. 

SOV \b 

1 


X 

First valve in receiver tank backup pressurization system; operates only when SOVU is closed. 

SOV17 

1 

1 


V 

Opet^v during suppiv unk helium bottle pressurization performed in KSC Operations and Control 
(04C) Building. 

s».n IS 

X 

Allows venting of receiver tank helium bottles if an overpressurization condition is detected by 
PT9. 

vn [9 


' 

Open during receiver unk helium bottle pressurization per formed in KSC OAC Building. 

SOV 20 


X 

Permits venting of supply lank helium bottles if an overpressurization condition is detected by 
PT». 

Sn>V2I 


i X 

Opens during receiver unk fill to allow liquid to enter start basket, open during start basket 
outflow. 

W22 


X , 

Opens to operate receiver tank TVS. 

FCVI 



Controls sig>ply unk outflow rate; operss during calibration of OM2, evaluation of supply tank 
1 capillary device zrsd during receiver tank prechill. 

FCV2 


1 

' Controls receiver tank start basket outflow rate. 

KVl 

1 



Prev^ts overpressurization of suppiv Unk during all operations. 

, KV2 



Protects receiver tank from overpressurization during all operations. 

1 

RVS 



1 

1 Protects suppiv tank from overpressurization during ground loading. 

RV% 



j 

1 Protects transfer line components from over preuurizat ton resultir\g from LH, boiling in closed 
' Une segment between FCV 1, SOVg. SOV? afK* SOV21. 

BDl 


! 

1 Protects entire facility ig>on failure of SOVf; low pressure burst disk bursts at approvimately 
10) kPa (U paid). 

PTl I 

X 


Supply lank TVS esiiing pressure. 

PT7 ; 

X 

X 1 

Keieiver tank ullage vent pressure and tank pressure. 

PT< 

X 


Supply Tank pressurization line pressure. 

!!* 

X 


Transfer line pressurt supply tank outlet. 
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TAISLL j-lll PHa^)L II FLU\^ SCHEMATIC COMPONENT FUNCTION (Concluaed) 


Component 

Identifi- 

cation 

Number Data Control 


Meat exchanger (HXI) pressure used to determine saturation temperature which controis heater 
input. 

Receiver tank pressurization line pressure. 

Transfer line pressure at receiver tank inlet. 

Supply tank helium pressurization supply pressure. 

Receiver tank helium pressurization supply pressure. 

Supply Unk pressure. 

Receiver tank TVS exit pressu>e. 

Supply unk TVS exit temperature. 

Receiver tank vent ullage temperature. 

Sig>plv tank pre«surization line temperature. 

Transfer line temperature ar supply tank outlet. 

Meat exchanger (MXI) exit temperature; given PT), this temperature is controlled to slightly 
greater than the corresponding saturation temperature. 

Receiver tank pressurization line temperature. 

Transfer line temperatiff’e at receiver tank miet. 

Supply tar.k helium pressurization supply temperature; used with PT8 arxl helium Pittle volumes 
to determir>e helium quantity. 

Receiver tank helium pressurization supply temperature usfd with PT*> and heliu.-' tcttle 
volumes to determine helium quantity. 

Exit temperature to heat exchanger (MX2) used to ensure th.it volume.ric flow meter (VVt*) 
measures vapor (low by controlling heat input. 

Receiver tank TVS exit temperature. 

Supply unk TVS exit flow qcalitv and flow rate. 

Supply unK outflow quality iseo to determine supply tank capillary devict performance. 
Receiver unk vent quality used to determine if liquid is vented. 

Receiver unk start basket outflow qualitv. 

Receiver tani TVS outflo* quality. 

Determines volumetric flow rate; used with quality determined from heat exchanger IMXl) to 
calibrate CM2. 

Visco-iet used to provide isenthalpic expansion of supply tank TVS flow. 

Restricts supply tank helium pressurant flow raie. 

Restricts receiver tank helium pressurant flow rate. 

Filter used to prevent clogging of F02. 

Filter used to prevent clogging of FOl. 

Suppiv tank quantitv measurement. 

Receiver Unk quantity measurement. 

Meal exchanger for calibration of QM2. 

Heat exchanger to insure vapor (low through VMl. 








The first objective of Phase II, Mission Two, is receiver tank fill, which will be 
accomplished by the procedure outlined in Paragraph 2.2. The prechill charge is 
accomplished by opening FCVl and SOV21 and allowing liquid to enter the receiver tank 
through the inlet manifold, then venting through SOV4. Following receiver tank fill, SOV7 
will be opened to vent the transfer line to prevent overpressurization in the closed line 
segment between SOV7, SOV21 and FCVl. 

The second objective of Mission Tw'o is the demonstration of receiver tank refill 
capability by demonstrating on-orbit venting. The baseline approach is the use of a 
tapered vent tube which is operated by opening SOV4 and measuring the outflow quality 
with QM3. if significant quantities of liquid are vented during coast, SOV4 will be closed 
and the liquid hydrogen settled using the Reactant Control System (RCS) engines, during 
which SOV4 will be reopened. 

The third objective is evaluation of the internal heat exchanger/fan TVS. Thermodynamic 
performance of the TVS and the ability of the fan to destratify and mix the bulk fluid in 
the tanK will be assessed. Thermal performance will be determined by measuring the 
quality, temperature and pressure of the vent flow with QM4, TS7 and PT7. The effect of 
the fan on stratification and bulk fluid mixing will be evaluated by the temperature and 
pressure measurements made w»thin the tank. 

The primary objectives of Phase II, Mission Three, are: demonstration of a no-vent liquid 
fill of a fully configured receiver tank; start basket fill, outflow and refill performance. 
The no vent fill will be accomplished in the same manner as in Mission Two. The start 
basket fill will be accomplished during receiver tank fill by allowing flow to enter the 
receiver tank through both the inlet manifold and the start basket. Start basket fill and 
refill capability will be evaluated by outflowing through SOV21 and FCV2, and measuring 
outflow quality with QM4. The flow will then exit the Orbiter through an inactive HXl 
and HX2. 


3.1. 2. 2 Supply Tank . The Phase II supply tank is the Phase 1 supply tank described in 
Paragraph 3. 1.1. 2. 

3.1. 2. 3 Receiver Tank . The receiver tank for Phase II, Mission Two, is a 0.165 scale 
POTV liquid hydrogen tank. It will contain an inlet manifold, helium diffuser, instrumen- 
tation tree, tapered vent tube, vapor pullthrough suppression baffle and an internal heat 


79 


exchdMgcr/fan TV'S. Tlie Wission Three receiver tank is the same as the Mission 1 wo, 
except tnat it will contain a propellant acquisition device in place ot the suppression 
battle, and an external heat exchanger lor the TVS. Figure T-15 shows the internal 
contiguration ot the Phase 11, Mission Tnree, receiver tank. Tiie drawing ol the Phase ll 
receiver tank is shown in Figure 3-ib. The following paragraphs descrioe the subsystems 
which make up the 0.163 scale receiver tanx. 
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Figure 3-15 PHASE li. MISSION THKEE, 
RECElVEk TANK INTERNAL CONFIOUR ATION 


Thermal Protection S ystem . The thermal protection system ot the Phase II receiver tank 
consists of 20 layers of double-aluminized Kapton Superfloe, 8 S-glass/epoxy struts and a 
thermodynamic vent system. The insulation layup for the Phase II receiver lank is shown 
in Figure 3-1/. This figure shows that eight gore sections per head and one cylindrical 
section are required. The details of the insulation-to-prcssure vessel attachments and 
typical lip )oints are containeo in Figures 3-5 and 3-6, respectively. To allow evacuation 


SO 








of the V1LI during on-orbit operation, the insulation and the face sheet are perforated to 
approximately 0.5 percent opening. The tank is thermally isolated from its surroundings 
by the eight S-glass/epoxy struts. 
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Figure V17 PHASE 11 TANK INSULATION 


The TVS proposed for Phase 11, Missions Two and Three, is shown schematically in Figure 
3-! 8. The system is designed to vent only vapor with either vapor or liquid at the vent 
system inlet. During venting, fluid at the inlet is expanded to a low pressure and 
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temperature, then passed through a compact heat exchanger before being vented 
overboard. In ttie heat exchanger, the vent fluid exchanges heat with the tank fluid. 
Ideally, in the heat exchanger, the vent fluid is completely vaporized and some of the tank 
fluid is liquefied. \ small fan is used to force tank fluid through the heat exchanger and 
to mix the bulk fluid in the tank. 



Figure 3-18 INTERNAL HEAT EXCHANGER/FAN 
THERMODYNAMIC VENT SYSTEM 


Testing and analysis of this vent system have been discussed in some detail elsewhere 
(References 39, 40 and 41). Evaluation of system performance in zero-g will be a primary 
objective; the items to be evaluated include the following: 

1. Occurrence of temperature stratification in the tank fluid during zero-g. 

2. Ability of the fan to destratify and mix the bulk fluid in the tank. 

3. Thermodynamic performance of the vent system. 
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An alternate vent system, shown in Figure 3-15, is proposed (or evaluation during Phase II, 
Mission Three. In this vent system, liquid is withdrawn from the capillary device and, 
af»er passing through an expansion valve, circulates through a tube wrapped around the 
outside of the pressure vessel. The external tube system is easier to fabricate, more 
reliable since it is a completely passive system and potentially more efficient since no 
heat is added to the tank fluid by mixer motors. If stratification is not a problem and its 
weight is comparable to the internal TVS, then the external tube system may be 
preferable to the forced convection mixer system. 

Support System . The receiver tank i; mounted to its aluminum support system by eight S- 
glass/epoxy struts. The four struts on top of the tank restrain the tank in the X and Y 
direction. While the four lower struts support the tank in the 7 and Y directions. The 
aluminum support system attaches to the Spacelab pallet hardpoints. 

• • 

Pressure Control . The receiver tank pressure is maintained during outflow by the use of 
ambient helium pressurant. The baseline approach is identical to the pressurization 
system proposed for the supply tank. Concern over reliability in the cycling of the valves 
in the pressurization system led to consideration of an alternate pressure control systems 
using a pressure regulator and (low control valve shown in Figure 3-19. The pressure 
regulator reduces the inlet pressure to the required value and the flow control valve 
meters the flow into the tank. The solenoid valve protects the receiver tank in the event 
of a flow control valve failure. It is felt that this system offers superior reliability over 
the baseline approach and a more realistic pressurization system for the full scale POTV. 

Inlet Manifold . The Phase II inlet manifold is similar to the Phase I manifold, except that 
it contains IS holes. 

Helium Diffuser . The helium diffuser proposed for Phase 1 will be used for Phase II. 

Tapered Vent Tube . The purnose of the vent tube is to provide a passive means of venting 
hydrogen vapcr and helium from the tank w'ithout settling. Satisfactory operation of the 
vent tube would simplify POTV operations and increase payload capability by reducing 
settling propellant requirements. Since the vent tube would be utilized prior to a refill 
operation, it is anticipated that a substantia! quantity of vapor w'ill be present in the tank 
at initiation of venting. 
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Figure 3.1-^ ALTERNATE PRESSURIZATION SYSTEM 


The vent tube, shown in Figure 3-V, has a conical frustrurn-shaped tip extending into the 
ullage region. Liquid present at the vent inlet will not accumulate, but will flow over the 
outside surface due to the action of surface tension forces. The shape of an arbitrary 
volume of liquid (having a zero contact angle) on a cylinder, as shown in Figure 3-20, is 
based on calculations previously performed for an S-IVB capillary device application. Tnis 
figure shows tlie low-g shapes of three globules as a function of the parameter A P x 
R^/o. (jlobules cannot continue to spread without bounds over a tube surface but 
approach a spherical shape limiting its maximum size. By increasing the size of the liquid 
globule on the vent tube, it would be possible to eventually enclose the vent tube with 
liquid. Tiie conical frustrum tip of the vent tube provides some assurance that little, if 
any, liquid will be vented overboard during low acceleration coasts because the shape of 
the tip IS such tnat surface tension forces will cause liquid to flow away from the tube 
inlet. The shedding of liquid from a tapered tube has been demonstrated and was -eported 
in Reference 42. Liquid/vapor sensors using this prin< iple were flown on a Titan-Centaur. 
The tapered vent tube represents an untried approach to venting; however, testing of the 
tapered vent tube will not jeopardize Phase II missions since venting can be accomplislied 
with settling. 

Sf. 


IIQUID GLOBUIES IN A ZERO GRAVITY ENVIRONMENT 



Figure 3-20 LK^UID GLOBULE ON A CYLINDER IN A 

zero-gravity environment 


Propellant AcquisRion System . The propellant acquisition system consists of a start 
basket mounted over the outlet of the 0.165 scale tank as shown in Figure 2-21 
Conceptually, the start basket design is similar to that described in Reference 43 for 
the full-scale POTV tank. The bottom of the basket is an ellipsoidal surface conforming 
to the shape of the head of the 0.165 scale POTV tank. The top is a 6° cone which is 
supported by stiffeners to resist settling loads. The main screens are two layers of mesh 
backed by 51 percent open area perforated plates. The two plate-screen layers are 



Figure 3-21 START BASKET GEOMETRY 
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separated by a ^ap of mm (0.21 in) to provide a x^icking path to replace liquid 
evaporated from the surface of the basket during ?ero g. The conical part of the basket is 
topped by a formed screen standpipe. The function of the standpipe is to allow vapor to 
escape during refill of the start basket and to enter the start basket during periods of ^ero 
g when liquid is evaporating from its surface. Screen covered channels inside the start 
basket ensure that only vapor-free liquid is withdrawn from the tank during operation. 

The ma)or design considerations for the design of a start basket were discussed in 
Paragraph 2.7. 2.4. Table ^-IV summarizes the specific design constraints for the 0. IS5 
scale POTV tank start basket. The settling acceleration level shown in Table 1-IV is based 
on the -Y axis acceleration produced by the main RCS thrusters (sec Table 2-Vlll). It was 
assumed that disturbing accelerations in the ♦Y direction are limited to vernier thruster 
levels. If the disturbing accelerations were equal to the maximum settling acceleration, 
then It would not be possible to design the start basket to retain liquid during a disturbing 
acceleration and refill after settling. When the tank is less than 60 percent lull, the start 
basket will not refill since tlie static head in the tank is not large enough to drive vapor 
from the standpipe. With the tank more than 60 percent full, preliminary calculations 
show that the start basket should be refilled within one minute after settling is initiated. 

TM'LE I-IV 0.16S S('.\LE POTV TANK START l\ASKET DESIGN CONSTRAINTS 


1 Tank; 

' 

0.16J ScAle POTV Tank 

Overali Length • H33.9 mm (^.39 m) 

Diameter « 693.7 mm (27.39 ir.) 

EiliptiCAl heAd» \liTh M4}Of /Minor Akis Ratio of 
1.31 

Fiuid: 

LHj at Z0°K (36®Ri 

FlOAf «te: 

Propellant Outflow Rate « 0.C2 (0.03 

1 Ibm/^ec) ' 

1 

1 

i 

I 

MawiTj^m Settling Acceleration > 0.22 m/»* (0.7 
Miong *V -aftii due to RCS mam thru»tert 

Matimum D^turbihg Acceleration t 0.0C2 m/%^ 
(0.007 ft/$ec^) along «Y-aKii due to RCS vernier 
thfuiterj 

1 
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(See Appendix III). Based on the start basket design analysis discussed in Paragraph 3.2.6, 
the dimensions of a conical-elliptical start basket were calculated to give the required 
volume of 0.0060 m^ (0.213 ft^). Using the nomenclature of Figure 3-21: 

r = 223.3 mm (8.79 in) 
h =61.7 mm (2.43 in) 

c = 23.4 mm (0.92 in) 

L = 502.9 mm (19.8 in) 

Vapor Pul I through Suppression . In the first mission of Phase II, the 0.165 scale receiver 
tank will not contain a capillary liquid acquisition device; it will be drained while settling 
using the RCS thrusters. During low gravity draining, premature vapor ingestion may 
occur resulting in excessive residuals. This phenomenon was investigated in Reference 44 
and a functional relationship between the liquid residuals and the ratio (Weber number)/ 
(Bond number plus one) was observed. For an outflow of 22.7 gm/sec (0.05 Ib/sec) and an 
acceleration level of 0.22 m/sec (0.72 ft/sec ), the Weber and Bond numbers are 1.00 x 
10“^ and 3282, respectively. The ratio W/(B + 1) = 3.0 x 10"^ does not fall on the curve 
(Figure 7 in Reference 44); however, assuming zero-g (B = 0), the corresponding residual is 
7 percent. In the actual case (B = 3282) the residuals would be less. If required to insure 
minimum residuals, a fine mesh screen with a perforated backing plate could be located 
over the tank outlet. This screened outlet configuration is illustrated in Figure 3-22. 



Figure 3-22 VAPOR PULL THROUGH SUPPRESSION BAFFLE 
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ln$trunr>«nution Tree. Figure 3-23 contains a drawif^ of the Phase It Instrumentation 
tree. The tree construction is identical to the Phase I instrumentation tree. The tree 
center pole is offset to allow room for the start basket standpipe. During final design of 
the instrumentation tree, its effect on the liquid behavior during low-g and settling will 
have to be assessed. 



Figure 3-23 PHASE II RECEIVER TANK INSTRUMENTATION TREE 


3. 1.2.4 Instrumentation and Control Pallets. Instrumentation and Control Pallets A 
and B are illustrated in Figures 3-24 and 3-25, respectively; their location in the Spacelab 
pallet is shown in Figure 3-13. 
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Figure 3-24 PHASE II INSTRUMENTATION AND CONTROL PALLET A 



Figure 3-25 PHASE II INSTRUMENTATION AND CONTROL PALLET B 











3.1.3 Instrumentation. The instrumentation required to monitor the eiqieriment 
temperature », pressures^ LH 2 man flow rates, LH 2 quantity and local accelerations is 
described in t;« following paragraphs. Hw temperature and pressure measurements 
determine the thermodynamic state of the fluid. Iftwssure transducer PTIO Is used to 
determine the supply tank pressure. Temperature spoors in the receiver tank are used to 
measure the tank temperatures. The mass flow rates are measured by fluid quality flow 
meters which determine density and volumetric flow rate. The fluid quantity in the 
supply and receiver tanks may be measured by a nucleonic mass gauging system which 
detects the attenuation of low>levei radiation by the fluid. An accelerometer will be uted 
to detect the acceleration levels during coast and RCS thruster firing. 

Temperature Sensors. Platinum resistance temperature sensors are sufficiently sensitive 
over the temperature range of interest (14K to ^OOK) to allow ail the temperature 
measurements to be made with a single power supply and signal conditioner. Table 3>V is 
an example of the resistance of a typical 500-ohm platinum temperature sensor as a 
function of temperature. For each sensor, individual calibration tables at intervals of 10^ 
or less will be used. The recommended calibration intervals are l^K from 13K to 23K, 
5^K from 23K to lOOK and lO'^K from lOOK to 400K. Sensors with an ice-point resistance 
of 500 ohms are recommended for cryogenic sensitivity, coupled with low power 
requirements. Four terminal temperature sensors are recommended for the temperature 
measurements for three reasons: First, the use of four terminals minimizes the error due 
to lead resistances in the measurement of the temperature. Second, the separation of the 
current terminals from the potential measuring terminals permits the wiring of a number 
of temperature sensors in series, reducing the number of constant current power supplies 
required to operate the temperature sensors. Third, the use of four terminal temperature 
sensors simplifies the wiring of the temperature sensors within the receiver tank. A 
typical receiver tank temperature schematic is shown in Figure 3-26 with the current 
terminals at FEl and FE2, and the potential terminals at FE3 through FEl 1. The junction 
between the temperature sensors FEl 2 through FE20 would be located inside the receiver 
tank. 
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TABLE 3-V RESISTANCE Of A TYPICAL 900 OH 
PLATINUM TEMPERATURE SENSOR 




0.51 
2 

21. OS 
57 
100.12 
143.48 
186.38 
228.68 
270.45 
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352.79 



220 

393.48 

240 

433.89 

260 

474.04 


513.94 

300 

553.60 

320 

593.01 

340 

632.18 

360 

671.12 

380 

709.50 

400 

747.97 


PEI 


.......... 

TSIt nn nil I TSSI I TSH I TSM »5I I TSM I 

Pt» PE» FBI* FBI* FBI* FBIP FBI* FBI* FB» 


Figure 3-26 TYPICAL RECEIVER TANK TEMPERATURE SENSOR SCHEMATIC 


Temperature Sensors External to Receiver Tank. Immersion type temperature sensors can 


be used for ali the externally mounted temperature sensors, except TS4 and TS7, in both 
phases of the experiment. Surface mounted temperature sensors will be used for TS4 and 
TS7 to measure transfer line temperatures. These temperature sensors will be located 
downstream of the quality meters to prevent their heat leak from interfering with the 
quality measurements. The external temperature sensors will be divided into two groups 
to minimize the number of power supplies required to operate them. Croup A consists of 
those sensors associated with the supply tank, Croup B with the receiver tank. The groups 
are identified in Tabie 3-VI per the labeling of the flow schematics. Figures 3-2 and 3-14. 
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TABLE 3-VI EXTERNAL TEMPERATURE SENSOR GROUPS 


(&q)ply Tank) 
A 

(Reviver Tank) 

B ^ 

TS 1 

TS 2 

TS 3 

TS6 

TS 4 

TS 7 

TS 5 

TS9 

TSS 

TSII 

TSIO 



Internal Temperature Sensors. Surface mount temperature serisors will be used within the 
receiver tctnk. Fifty-two temperature sensors, listed in Table 3-VII, will be used in Phase I 
and located as shown in Figure 3-27. The temperature sensors are located at 14 different 
levels within the receiver tank. The first two levels, starting at the lower end of the 
tank, contain TS13 and TS14 at the helium and liquid hydrogen inlets. The third level is 
near the midlevel of the lower head and contains four temperature sensors evenly spaced 
on the pressure vessel. The fourth level contains one temperature sensor (TS19) at the 
first outlet of the LH 2 fill manifold. 

The sensors at the fifth, eighth, eleventh and twelth levels are mounted on or near the 
instrumentation tree. There are nine sensors on each of these four levels. Four of the 
sensors are mounted to the pressure vessel wall or the girth rings, and are emtly spaced. 
One sensor is mounted at the intersection of the tree support rod and the cross bar. The 
other four sensors are mounted on the cross bar at one -third and two-thirds of the radius 
of the tank. The sensors at the sixth, ninth and tenth levels are located on the LH 2 inlet 
manifold and are evenly spaced between the lowest LH 2 inlet and at the end of the 
manifold. The sensor at the seventh level is located at the helium diffuser. The four 
sensors at the thirteenth level are evenly spaced on the upper head and the last sensor is 
at the top of the pressure vessel. The dimensions given in Table 3-Vll are ai^roximate 
and can be varied to obtain the optimum mounting and data. 
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Figure 3-27 CFMF TEMPERATURE SENSOR LOCATIONS 
PHASE I - RECEIVER TANK 


Thirty-five temperature sensors are used in the receiver tank for Phase II. The sensors 
are located at 12 different levels and in a similar pattern to those in Phase I. The major 
difference between the Phase I and Phase II receiver tank temperature instrumentation is 
the temperature sensors used to monitor the temperature distribution in the start basket. 
The locations of the sensors are given in Figure 3-28 and in Table 3-VIIl. 


9 ( 



Figure 3-28 CFMF TEMPERATURE SENSOR LOCATIONS 
PHASE II - RECEIVER TANK 


The temperature sensors will be grouped to reduce the numbM* of power supplies and 
separate the sensors at the various levels to reduce the probability of losing a significant 
amount of data with a temperature sensor circuit failure. The recommended groupings of 
the temperature sensors are given in Table 3-lX. 
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TABLE 3-Vlll PHASE II CFMF TEMPEKATURE SENSOR LOCATIONS 










TABLE 3-IX CFMF TEMPERATURE SENSOR GROUPS 


Pt'iase I Receiver Tank 


Group A 

TS13, TS30, TS60, TS57, TS49, TS39, TS21, TS34, TS52 

Group B 

TS19, TSI5, TS63, TS61, TS58, TS50, TS22, TS35, TS53 

Group C 

TS29, TS25, TS16, TS20, TS62, TS59, TS23, TS43, TS54 

Group D 

TS40, TS36, TS26, TS17, TS31, TS64, TS24, TS44, TS55 

Group E 

TS41, TS47, TS37, TS27, TS18, TS42, TS32, TS45 

Group F 

TS14, TS56, TS48, TS38, TS28, TS51, TS33. TS46 


















TABLE 3-IX CPMF TEMPERATURE SENSOR GROUPS (Concluded) 


Phase II Receiver Taidc 



Temperature Sensor Power Supply* Eight power supplies with the capability of delivering 
30 milliwatts each at a constant civrent of 2 milliamperes will suffice for all the 
temperature sensors. This power requirement is based on the resistance of the sensors at 
aOOK. The power dissipation in the receiver tank will be substantially less at cryogenic 
temperatures because of the reduced resistance of tlw temperature sensors. The power 
dissipation for a 2.3^hm temperature sensor at 2 milliamps will be 9.2 microwatts per 
sensor. With 59 temperature sensors in the receiver tank, the total power dissipation will 
be 496.8 microwatts. Although a single power supply could provide the current 
requirements of the temperature sensors, it is advisable to vse multiple power supplies to 
avoid the loss of data due to single power supply failure. 



Temperature Sensor Signal Conditioner. The signal conditit.«ning for the temperature 
sensors will consist of amplifying the detected voltages to a level which is consistent with 
analog- to-digital conversion. The amplified signal can then be multiplexed and converted 
to a digital signal for processing through the DACS for storage and/or control purposes. 
When the signal is used as a control signal, it will be compared to previously determined 
levels for the purpose of generating the control signal. The temperature sensor signal 
conversion to engineering units will be accomplished from the recorded data on the 
ground. 

Pressure Transducers . Three types of pressure transducers will be required for the 
experiment: Internally and externally compensated absolute pressure transducers and 

differential pressure transducers. All three will be of vhe bonded strain gauge type o! 
transducer. Most of the cryogenic and all of tlw ambient pressure transducers will include 
compensation resistors to linearise tlie bridge output. This configuration is standard to 
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the pressure transducers considered for this application. Two of the cryogenic pressure 
transducers (PT4 and PT7) will be mounted directly in the transfer line. They are 
externally compensated pressure transducers and their compematim circuitry must be 
maintaimd at ambient temperature. 

Differential presstre transducers will be mounted in the start bat^t to measure the 
pressure drop acrcas the screen. This will require a differential pressure transducer which 
can accurately measure a pressure of l.b KPa <0.2 paid) to 3.4 KPa (0.5 psid) at 14K 
(25*^R). The comperaation for the differential transducer would be located external to the 
receiver tank at ambient temperature. 

Pressure Transducer Power Supply. A nearly coratant voltage of 10 vdc will be required 
for the pressure traraducers. Regulation within 0.1 v will reduce the power supply^ 
contribution to the measurement error to approximately the same magnitude as that of 
the expected rms error from the transducer. A single power supply tof ali transducers has 
the advantage that the relative contribution to measurement error can be minimized, but 
lacks backup capability. The recommended solution is to ixrovide a second power supply 
that automatically switches in if the primary power supply fails. 

Pressure Transducer Signal Conditioninz. Signal conditioning for the pressure transducers 
will be similar to that for the temperature sensors, except the compensation circuits will 
provicte a nearly linear output. The signals for data acquisition and control will be 
amplified to a level compatible with analog-to-digital conversion and the reeuction to 
engineering units will be accomplished during data analysis. 

Quality Meter. The quality meter is available with signal conditiwiing to provide output 
signals for the mass flow rate, integrated mass flow, density and void ratio. The same 
quality meters will be used for flow measurements in both Phase 1 and Phase IL The only 
differences between individual quality meters will be the flow rate capacity. Each quality 
meter consists of a turbine type flow meter and a dielectric measix’ement device. The 
dielectric measurement device measures the fluid density and density oscillations. The 
density oscillations are used to detect two-phase flow and measiee the void ratio of the 
LH2. 
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Accelyometer . An accelerometer will be required to detect the acceleration of the 
receiver tank during coast and RCS engine firing* An electrostatic accelerometer is 
available whidi measures accelerations in the range of 10*^ g to 10*^ g. 

Mass Gaugina. A mass gaugir^ system is required to d *^Tmine the man of l^drogen In 
the receiver tank during Phase li. A nuclear radiation tecuiique offers the advantage that 
it responds directly to the mass ol fluid in the tank (i.e., the greater the ma;.S| the more 
the radiation is attenuated). Since Uw gauge is sensitive to the mass it is, in theory, 
independent of the density and, thereforo, variations in density throughout the bulk of the 
fluid. This featur<^ makes the ni'ciear gauging system attractive because the problem is 
reduced to designing a radiation source which irradiates the entire volume of the tank 
rather than confining the fluid to a particular region. The nuclear gauging system consists 
of a Kr>83 radiation source, contained within an aluminum td>e, and a & tector; the 
layout of the tubular radiation source and the location of the detector are unique to each 
tank design. 

3.1.<i Valve s. All valves, with the exception of the flow control valve at the 

supply tank outlet, will be 24 vdc solenoid operated. High speed, ambient temperature 
valves are required in the helium pressurization system; the cryogenic system vses both 
vacuum jacketed and unjacketed cryogenic valves. These valves are identified by type in 
Table 3-X for both the Phase I and Phase II facilities. 

Solenoid Operated Valves . All solenoid valves will be normally closed, continuous duty 
valves. The ambient temperature pullthrough time, at operating pressure, is 80 
milliseconds for the normal speed valves and 15 milliseconds for the high speeo helium 
pressurization system valves. 

Each solenoid valve will be equipped with two positiim indicator switches: One to indicate 
the full open position and one to indicate the full closed position. The switches will be 
wired as shown in Figure 3>29 so that a single data bit can be used to record the valve 
position. The voltage ^2 will appear as the position signal covering the entire range 
between lull open ana full closed. Selecting resistors R1 and R2 so that V2 is between the 
maximum logic 'O' voltage and the minimum logic '1* voltage will give an unstable signal 
which can be usea to indicate the valve transition or to determine if the valve is stuck in 
an intermediate position. 




















Flow Control Valves * The flow control valves will be operated by stepper motors for 
accurate «nd reproducible positioning. A valve position counter will indicate the valve 
position in addition to discrete full open and full closed position indicators. Valve position 
will be determined by cotmting the number of pulses to the valve using the counter in a 
ooun^ up mode for valve opening and a count down mode for valve closing. The valve will 
be positioned by comparing the position counter with a predetermined position until the 
difference is zero. The valve position counter will automatically be reset to zero 
whenever the full closed position indicator is activated. The purpose of this reset is to 
provicte a means of accurately restarting the valve position counter in the event of a 
power failure or other transient event which could invalidate the data in the counter. 

3.1.3 Experiment Data and Control . The experiment data and control system 

employs a microprocessor-based, on-board Data Acquisition and Control System (DACS) 
to provide experimental control while collecting and recording the data. All electrical 
instrumentation and control equipment will be connected to the DACS. Parallel 
interconnections to the Spaceiab Caution and Warning (C&W) System and the Remote 
Acquisition Unit (RAU) of the Data Command and Management System (DCMS) will be 
used as required. The parallel interconnections to the C&W System will alert the Payload 
Specialist/Mission Specialist to any potentially hazardous condition and allow additional 
control. The parallel interconnections to the RAU allow the condition to be monitored 
independently of the DACS. 

The DACS is designed to operate the experiment and reduce crew workload. The proposed 
DACS design is a flexible system capable of communicating with the Spaceiab DCMS 
allowing economical software implementation of additional control through the Spaceiab 
DCMS. The DACS has two primary functions: (1) Data acquisition and recording and (2) 
experiment control. At the appropriate time during countdown, the GSE will transmit the 
current time to the DACS clock and command the exp>eriment DACS to begin recording. 
The recording process will continue until commanded to stop by the CSE (normally after 
completion of the flight) or by loss of power (recording will resume when power is 
returned). 

Status latches will be provided to record the operating mode of the DACS. In the event of 
a loss of power, the status latches and the status of various sensors will determine the 
DACS response when power is restored. 

103 




The block diagram shown in Figure 3-30 illustrates the central functions of the DACS* 
Operation will begin with a power on interriq>t. The microprocessor will then perform all 
necessary initialization, including obtaining Greenwich Mean Time (GMT) for the DACS 
internal clock from the Spaoelab DC MS. 
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Figure 3-30 DATA ACQUISITION AND CONTROL SYSTEM BLOCK DIAGRAM 


The interface between the DACS and the DCMS will be handled in a word-at-a-time 
mode. The interface will be controlled by the DCMSj however, either system may initiate 
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a transfer. The DCMS initiates a data or command transfer by sending a command to the 
buffer and then raising the attention line shown in Figure 3-30. The OACS rttponds to 
OCMS command by placing data or sUtus in the buffer and raising the request Una* The 
OCMS wUi then lower the attenti<m Une, read the buffer, place data, stat(» or a new 
command in the buffer and raise the attention line again. This process ench whan the 
DCMS md DACS acknowlec^e each other’s end of transmission commands. The OACS 
initiates traromission by raising the request line* The operation wUi then continue as 
dncribed above with the DCMS issuing an inquiry command to the buffer and raising the 
attention line. 

After being initialized, the DACS clod< is updated periodically wite the 1020 KHz User 
Time Clock. Figure 3-30 shows a one-mUiiseoond update rate, whidt is ob^ned by 
dividing the 1020 KHz Clock by 1020. The optimum clock rate wUl be determined by the 
Instrumentation and data collection analysis. 

The outputs of several sensors (l.e., those which may affect mission safety), will be sent 
to the DCMS via the RAU flexible inputs to aUow independent monitoring in tee event of 
OACS failure. If any of these sensors indicate a hazardous condition, a caution signal wUl 
be sent to the C&W System. A Safing Command will be used to abort md inert the 
experiment in the event a DACS faUure prevents a normal programmed shutdown. The 
safing command wUl drain and inert supply and receiver tanks. 

The DACS will use a power-off Interrupt to assure an orderly shutdown of the 
microprocessor. An unplanned power-down wUl not allow time for the DACS to change 
the experiment operating modei however, after the resumption of power, the micro- 
processor will Interogate the magnetic status latches to determine the last operating 
mode of the experiment, update the DACS internal dock, poll the experiment sensors and 
resume control of the experiment. 

DACS Operation. During ground fUl atf)d prelaunch checkout, the DACS will be operating 
under control of GSE to assist in monitoring and controlUng the experiment. The system 
must be designed to be powered down whenever necessary dtffing this ftease. 

When prelaunch checkout of the experiment is com|Uete, the DACS wUl assume complete 
operation of the experiment in either die experiment "on" or "off mode. Prior to lift-off 
«td continuing through ascent, the experiment wU) be in the off mode. In this mode, the 
DACS will only transmit to the recorder. 
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The OACS software will use a table^iven, real-time exeoitlve. The executive performs 
interrupt handling* system initialization, module scheduling and real-time clock support. 
Modules are autonomous program segments whldt perform a given function and are run at 
regMlar intervals upon request of another module, or in response to an interrupt. The 
executive will scan the Executive Control Table (ECT) and select the next module to be 
run, and then call a processing module to perform the required function and return control 
back to the executive. Each control table entry will oonmin a module name, priority 
code, timer and the status of all required inputt to the module. The timer will be 
decremented at the real-time clock rate. A module Is ready to nm when its timer has 
decremented to zero and all necessary input conditions are met, and it is the highest 
priority module whidi is ready to run. All modules of one priority which are ready to run 
execute before control pass^ to a lower priority modulttt. ECT priorities may be 
dynamically reassigned by the executive. 

Data Acquisition. The data required for experiment control and analysis of the 
experiment operation will be processed through two types of channels. One type of 
channel will accept discrete data where each bit represents the status of a particular 
component, such as a solenoid valve or heater. A logic *1* will represent the on or 
powered status and a logic 'O' will represent the off or unpowered status. A general 
description of the logic levels is illustrated In Figure 3-31. The actual voltages and times 
will depend on tite specific microprocessor used, but a logic 'O' must be within VO 
(minimum) and VO (maximum), and a logic '1' must be between VI (minimum) and VI 
(maximum) for a minimum time (t (min)) in order to be o>rrectly recognized. Other 
definitions are possible where the signal is the transition from one level to the next or the 
levels are inverted. The second type of channel is an analog channel where the signal is 
an analog voltage which represents the temperature, pressure or other parameter. The 
analog voltage is converted to a digital signal compatible with the microprocessor. Either 
type channel can be selected, one at a time, by the microprocessor by multiplexing all the 
inputs to a single input and assigning a unique address to each sensor input. The data will 
then be read by the DACS and used for control or data storage, depending on the 
operating mode and which portion of the program is executing at the time the data is 
read. 

Data Storage . Data to be stored will be assigned an identification code which, in the case 
of a sensor, could be the sensor address. It will then be recorded on tape along with its 



Figure 3-31 DISCRETE LOGIC LEVELS 


identification and the time the data was taken. If the data to be stored is the status of a 
number of components, the identification code will then be unitpje to that group of 
components. 


3.1.6 Electrical Connections . Two types of electrical connections, splices and 

receptical/plugs, will be required for the experimental equipment. The splices will be 
between t!ie tenip>erature sensors in the receiver tank and connections to the differential 
pressure transducer in the start basket. The temperature splices are shown as terminals 
FE13 through FE19 in Figure 3-26; the length of wire from each sensor to the splice shall 
be kept constant to keep the lead resistance between pairs of sensors constant. The 
sensor leads will be mounted to the pressure vessel or instrumentation tree a short 
distance from the sensor to provide for strain relief of the leads. The pressure vessel 
temperature sensor mountings will be of low thermal resistance to insure accurate 
measurement of pressure vessel temperatures. The leads of all the sensors shall be 
attached to the instrumentation tree at regular intervals to secure them against 
unnecessary strain. Tne leads will then be brought out through an instrumentation 
conduit, with sufficient slack to prevent strain during thermal cycling, and connected to 
the hermetically sealed receptacles. The second type consists of bayonet type recep- 
tacles, and plugs, including the hermetically sealed receptacles required to bring the 
instrumentation leads out of the hydrogen environment of the tank. 


3.1.7 Power Requirements. Estimates of the component electrical power require* 

ments for each phase of CFMF are given in Tables 3*XI and 3*X1I» respectively. These 
estimates are based on previous experience or vendor data when available. Heater and 
valve estimates were not made because these are dependent on the particular application. 


TABLE 3-XI CFMF ELECTRICAL POWER REQUIREMENTS, PHASE I 


Component 


Temperature Sensors 
Pressure Transducers 
Quality Meters 
Volumetric Flow 
Accelerometer 
Heater 

Solenoid Valves 
Flow Control Valve 



Voltage 

400 

dc 


28 


10 


28 


28 


28 

115 

28 

115 



Unit Power 
at293K 
milliwatts 



Total 

Power 

watts 


2.40 

0.710 

2.250 

0.400 

S.000 

TBD 

TBD 

TBD 


TABLE 3-XII CFMF ELECTRICAL POWER REQUIREMENTS, PHASE 11 


Component 



Voltage 


400 
Hz ac 



Unit Power 
at 293K 
milliwatts 



Temperature Sensors 
Pressure Transducers 
Quality Meters 
Mass Gau^. 
Volumetric Flow 
Accelerometer 
Heater 

Solenoid Valves 
Flow Control VaF -S 



2.40 

0.781 

3.750 

4.500 

0.400 

8.000 

TBD 

TBD 

TBD 
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3*2 Conceptual Design Analysis . The following paragraphs present the analyses 

conducted in support of the CPMP conceptual design. These analyses consist oft 
structural, weight and center of gravity (CCi), thermal, fluid mechanic, and safety and 
reliability. The fluid mechanic analysis includes transfer line pressure drop, inlet 
manifold pressure/ velocity distribution and the propellant acquisition system U.e., start 
basket). 

3.2.1 CPMP Structural Analysis. A structural analysis of the CPMP Phase I and 
Phase 11 Facility was conducted using the payload environments specified in Section 3.0 of 
Reference 19. An ultimate factor of safety of 2.3 against limit ioad conditions was used 
throughout the analysis in addition to the desipt requirements specified in Section 7.0 of 
Reference 19. 

As part of the CPMP Pacility, Beech Aircraft Corporation was directed to use the CPME 
supply tank and helium pressurant system. The structural analysis of the CPME was not 
conducted as part of this study effort. 

The structural analysis of the Phase 1 and Phase 11 Facilities is contained in Paragraphs 

3.2.1. 1 and 3.2.1.2, respectively. 

3.2. 1.1 Phase 1 Facility Structural Analysis . The Phase 1 Facility General Arrange- 
ment is shown in Figure 3-1. The 0.36 scale receiver tank is designed for one mission and 
is supported by eight S-glass/epoxy struts that provide restraint against shuttle payload 
vibration and acceleration. The tank struts are mounted to an aluminum channel support 
structure that mounts directly to the Spacelab pallet hardpoints. 

Receiver tank helium pressurant bottles are contained in a rack mounted directly to the 
Spacelab pallet below the receiver tank. The helium bottles are Kevlar-49 wound bottles 
with an aluminum liner. They are rated at 3000 psig operating pressio'e, 9000 psig burst 
pressure and 10,000 pressure cycles to operating pressure. These bottles are currently 
being Shuttle qualified and will be used as a part of the Manned Maneuvering Unit. 

The 0.36 scale receiver tank is a cyclindrical tank with elliptical heads and two girth rings 
fabricated from 6061-T6 aluminum alloy. 6061-T6 aluminum alloy was chosen for its 
weldability and corrosion resistance properties. 


109 


The tank was sized using the Beech Conventional Tank Program. The user specifies fluid 
volume* pressure* density* tankage material and shape* the program then computes 
dimensions* areas and weights of the pressure vessel using standard stress equations. The 
program logic determines design information* such as membrane thickness and weight* 
plus weld and boss land weights for spherical and cylindrical tankage. The design stress 
used is the lower of the material ultimate stress divided by the factor of safety on 
ultimate or the material yield strength divided by the factor of safety on yield. The 
factor of safety on ultimate used is 1.50 and the factor of safety on yield used is 1.10. 
The results for the 0.36 scale pressure vessel are shown in Table 3-XUl. 


TABLE 3-Xni 0.36 SCALE RECEIVER TANK SIZING 


Pressure Vessel Type 

Cylindrical - 

Elliptical Heads 

Pressure Vessel Material 

6061-T6 Aluminum | 

Fluid Volume 

5.45 m^ 

(192.4 ftO 

Design Pressure 

2.41 KPa 

(35 psi) 

Major /Minor Radii 

1.38 


Total Inside Length 

3.35 m 

(132.079 in) 

Head Wall Thickness 

0*66 mm 

(0.026 in) 

Cylinder Wall Thickness 

0.96 mm 

(0.038 in) 

Outside Radius 

0.76 m 

(30.038 in) 

Cylindrical Length 

2.25 m 

(88.601 in) 

Total Dry Weight 

45.85 kg 

(100.872 lb) 


The receiver tank suspension system consists of eight S-glass epoxy tubular struts. An 
iterative procedure* shown by the flow chart in Figure 3-32* was used to size the struts. 
The system natural frequency is a function of the system spring constant. Since spring 
constant (K) is a function of cross section area (A), the system natural frequency (F|^) is 
also a function of A. By assuming A, F|^ can be determined for the system and its 
response to the input power spectral density (PSD) can then be calculated. This allows a 
maximum load to be calculated and the strut checked to insure the tensile stress gives an 
acceptable margin of safety. Next, the compression stability is checked and* if found to 
be over or under designed* the cross-sectional area is decreased or increased correspond- 
ingly. Finally* the strut wall thickness is assessed to ensure an adequate wall thickness 


no 




for producibility. If the strut wall thickness was found InadcqtMte for fabrication, the 
mininHitn wall thickness was selected and the calculation ri^ated* ,A review of current 
literature on strut fabrication indicates a wall thickness of approximatley 0*66 mm (0*026 
In) is required to adequately fabricate struts* 



Figure 3-32 SUSPENSION SYSTEM ANALYSIS FLOW CHART 




The equations used in the enalysis (low chart are given belowt 
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where: 

= System natural frequency - cycles/sec 
K s System sprir^ coratant • N/m (Ib/in) 
g a 9.82 m/sec^ (386.6 In/sec^) 

W s System suspended weight » kg (lb) 

A s Strut cross-sectional area - m (in ) 

E s Strut modulus of elasticity - N/m^ (7.3 x 10^ psi) 

9 = Strut orientation angle above girth ring plane - deg 

L a Strut lengtf) - m (in) 

^RMS ■ Sy****^ response to input PSD • g's 
^30 ~ System 3o response - g's 

Gss - Steady state acceleration - g's 
Q a Amplification factor = 20.0 
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S(F^) s Value of PSD at Fj^ - gVHa 
^Y3o * 3o load - N (11^ 

R,_ * Strut 3o load In axis of strut - N (lb) 

.7 2 

0^^ s Strut 3o stress - N/m (psl) 

^CR * buckling load - N (lb) 

s Cross section radius of gyration • m (In) 
t s Strut wall thickness • m (in) 

The results of the si 4 >port system analysis for the Phase I receiver twik are summarized 
belowi 


Phase 1 


Natural Frequency Datat 


C«^(g's) 





















The iterative calculations performed for both the top and bottom struts resulted in strut 
thicknesses of less than the minimum and therefore the minimum thickness was used. 
Alter the struts were sized, a fatigue life analysis was conducted using the calculated 
system natural frequencies. Paragraph 5.1.3 of Reference 19 states that the exposure 
time of full level random vibration is 6 seconds per axis per flighti Reference 57 
indicates that the MSFC is using the following times for fatigue analysist 

Liftoff (Steady State) a 9 sec 

Liftoff (Random Vibration) ■ 50 sec ♦ 20 sec/mission 

Since the MSPC exposure times are nxfre conservative, they were used throughout this 
analysis. The fatigue scatter factor of 4 was applied in estimating stress cycles except 
for random vibration which includes the fatigue scatter factor of 4. Mii'ers cumulative 
damage theory (Reference 46) was used to assess fatigue life. Also, the 0.36 scale 
receiver tank will be used on only one mission. The fatigue cycles were calculated as 
follows using the above exposure times: 

Liftoff: 

Ol = Fpj * 9 sec/flt * 1 fit * 4 
Random Vibration: 

n^, s F|^ * (50 sec ♦ 20 sec/flt * 1 fit) 

The total number of fatigue cycles per axis is: 

"tot ="l*"r 
axis 

Harris and Crede in Refo’ence -*7 state that sine-random equivalent damage can be 
predicted using a "g" level 2.2 times greater than the root mean square (RMS) random 
response (gjpgy = 2.2 g|^;y^ ^). Using 2.2 block loads and a Gaussian (normal) distribution 
of fatigue cycles, the fatigiM damage is less than 1.0. Fatigue life data (S/N Curves) lor 
S-glass/epoxy are available in the literature (see Reference 48 for use in calculating 
fatigue damage). 
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The aluminum channel (76.2 x 3S.I mm or 1 x 1.5 in) structure that mounts directly to the 
Spacelab pallet was checked statically using the largest top strut axial load and 
standard beam stress equations and foimd to be acceptable. 

3.2. 1.2 Phase II Facility Structural Analysis The Phase II Facility General 
Arrangement is shown in Figure 3-13. The 0.165 scale re«.eiver tank will be used (or three 
missions. It is suf^rted by eight S-glass/epoxy struts that rx'ovide restraint against 
shuttle payload vibration and acceleratim. The tank/struts are mounted to an aluminum 
channel pallet that mounts directly to the ^celab pallet hardpoints. 

The 0.165 scale receiver tank heads have a 22.9 mm (0.9 in) straight section at the girth 
rir^ weld (reference Figure 3-16). This allows the head to be removed and rewelded 
twice* providing the tal^k with a two mission capability and one additional reweld. 

The 0.165 scale tank wa& sized in the same manner as the 0.36 scale tank usif^ the Beech 
Conventional Tank Program; the results are summarized in Table 3-XlV. 


TABLE 3-XIV 0.165 SCALE RECEIVER TANK SIZING 


Pressure Vessel Type 

Cylindrical - 

Elliptical Heatte 

Pressure Vessel Material 

606UT6 Aluminum I 

Fluid Volume 

0.52 m^ 

(18.615 ft ) 

Design Pressure 

2.61 KPa 

(35 psia) 

Maior/Minor Radii 

1.38 


Total Inside Length 

1.560 

(60.733 in) 

Head Wall Thickness 

0.635 mm 

(0.025 in) 

Cylinder Wall Thickness 

0.635 mm 

(0.025 in) 

Outside Radius 

0.368 m 

(13.705 in) 

Cylindrical Length 

1.039 m 

(60.907 in) 

Total Dry Weight 

7.28 Kg 

(16.020 lb) 
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The receiver tank suspension system consists of eight S-glass/epoxy tubular struts. The 
design approach used is identical to the approach detailed for the Phase I facility receiver 
tank. The results of this analysis are summarized below: 

Phase II 


Natural Frequency: 


Axis 

(Hz) 


Gss(g's) 

^SYS 

X 

220 

26.3 

4.3 

83.2 

Y 

213 

25.9 

1.4 

79.1 

Z 

305 

31.0 

6.6 

99.6 


Top Struts: 

L = 609.6 mm (2U.0 in) 

A = 48.4 mm^ (0.075 in^) 

= 23.4 mm (0.920 in) 
t = 0.66 mm (0.026 in) 

Bottom Struts: 

L = 304.8 mm (12.0 in) 

A = 21.9 mm^ (0.034 in^) 

Rq = 10.7 mm (0.420 in) 
t = 0.66 mni (0.026 in) 

The iterative calculations performed for both the top and bottom struts resulted in strut 
thicknesses of less than the minimum and therefore the minimum thickness was used. 
After the struts were sized a fatigue life analysis was conducted using the previously 
calculated system natural frequencies. The fatigue life factor of 4 was applied in 
estimating stress cycles. Three load blocks were used in the analysis (la , 2a, 3a ) with 
the appropriate number of cycles based on a Gaussian (normal) distribution. This resulted 
in a fatigue damage of 1.0 using Miner's cumulative damage theory, for a three flight 
receiver tank usage. 
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The aluminum channel (76.2 x 38.1 mm (3 x 1.3 in)) structure that mounts directly to the 
Spacelab pallet was checked statically using the largest top strut 3^ load and standard 
beam stress equations and found to be acceptable. 

3.2.2 Weight and Center of Gravity Envelope. The weight breakdown for the Phase 1 and 
Phase II facility, including the CFME and ^celab pallet, is given in Table 3-XV. The 
location of the CFMF CG is shown in Figure 3>34 relative to a Spacelab pallet. The 
CFMF CG is shown in Figure 3-33, based on the total frcility weight, including the 
Spacelab pallet weight shown in Table 3-XV. Also shown in Figure 3-33 is the single pallet 
nominal payload CG limits per Figure 4.1-14 of Reference 18. The Spacelab pallet weight 
was approximated from Table 3-1 of Reference 18 for the five pallet configuration. 



TABLE 3-XV CFMF WEIGHT BREAKDOWN 


Component 

Phase 1 
Kg (lb) 

Phase II 
Kg (lb) 

Receiver Tank (Including Girth Rings) 

50 


7 

(16) 

Receiver Tank Support Frame 

22 

(49) 

28 

(61) 

Internal Hardware 

5 

(10) 

9 

(20) 

Top Support Struts 

4 

(8) 

4.1 

(9) 

Bottom Support Struts 

4 

(8) 

4 

(8) 

Helium Pressurant Bottles 

68 

(150) 

68 

(150) 

Helium Bottle Support Frame 

16 

(36) 

16 

(36) 

Lines 

4 

(8) 

6 

(13) 

Instrumentation 

25 

(55) 

35 

(76) 

Valves 

34 

(74) 

38 

(84) 

Insulation 

4 

(8) 

0.9 

(2) 

Miscellaneous (Heat Exchangers, 

11 

(25) 

11 

(25) 

Filters, Orifices) 
CFMF 

246 

(541) 

227 

(500) 

CFME 

487 

(1075) 

487 

(1075) 

Spacelab Pallet 

1091 

(2400) 

1091 

(2400) 

TOTAL 

1824 

(4016) 

1805 

(3975) 













Space lab Station XL-m 



Spacelab Station YL-m 





Figure 3-3<i LCXZATION OF CFMF CG ON A SPACELAB PALLET 


3.2.3 Thermal Analysis . This paragraph presents the thermal analysis of the heat 

leak into the receiver tank and transfer line. These heat leaks were calculated at a 
worst 'Case cold condition of 20°K (36^R) and a time averaged external temperature of 
308^K (333^R) representing the thermal environment during Shuttle thermal cycling. 

Conduction from the external environment to the receiver tank pressure vessel is through 
the eight support struts, fluid lines and instrumentation wiring. This heat transfer is 
governed by Fourier's conduction equation (Equation 3-2) with conductivity given as a 
function of temperature. 
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(Equation 3-2) 



ext 


/ 


k (T) d T 



where: 

2 2 

A i CroSs-sectional area, m (ft ) 

L = Length, m (ft) 

k = Thermal conductivity as a function of temperature, w m/®K (Btu/hr-ft-®R) 
T = Temperature, (® R) 

Tpy = Pressure vessel temperature, ®K (®R) 

T^j^^ = External environmental temperature, (°R) 

By integrating the nonlinear thermal conductivity over the temperature range Tp^ to 
^ext* transfer through the siq>port struts, instrumentation wiring and 

fluid v’as calculated. 

The support struts are fabricated of S-glass/epoxy material. This material was used on 
the Beech Hydrogen Thermal Test Article (HTTA) and is currently being used on the Space 
Shuttle Power Reactant Storage .Assembly (PRSA) Tanks. All fluid lines will be made 
from 304L stainless steel tubing. A summary of the line sizes selected for the facility is 
contained in Table 3-XVl. The instrumentation wiring, 130 leads, was assumed to be 
0.127 mm (0.003 in) diameter copper wire. 


TABLE 3-XVl CFMF LINE SIZE SUMMARY 



Outer Diameter 

Wail Thickness 

Line 

mm 

(in) 

mm 

(in) 

Inlet 

9.3 

(0.373) 

0.308 

(0.020) 

Pressurization 

6.4 

(0.23) 

0.308 

(0.020) 

Vent 

12.7 

(0.3) 

0.111 

(0.028) 

Thermodynamic Vent 

9.3 

(0.373) 

0.308 

(0.020) 

Fill/Drain Start Basket 

9.3 

(0.373) 

0.308 

(0.020) 
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The temperature dependent thermal conouctivHies for S«glass/epoxy, 3(H»L stainless steel 
and copper are given in Figures 3-35 through 3-37. These curves were used, in conjunction 
with Equation 3-2, to determine the conductive heat leaks to the receiver tank. 


The radiation heat transfer to the receiver tank was calculated using the following 
equation given in Reference lOt 




%“nN,Nn "h-V 

e 566bU“ 



72rrr <n - d 
62 


! 

(Equation 3-9 ; 


where: 

2 

(j = Heat flux, w/m 

s Thermal conductivity of Dacron tuft fiber, 0.159 w/m 
= Diameter of tuft fiber, 0.017S mm 
s 1 1065 Dacron tufts/m 

s Number of Dacron fibers touching next layer = 8 
L = insulation thickness, 25.6 mm 
T^ = Hot side temperature, 308^K 
T = Cold side temperature, 20®K 

C Jt 2 ft li 

a = Stefan-Boltzman constant, 5.67 x 10”® w/m K 

= Emissivity of unflocked side of aluminized shield, 0.035 
€2 = Emissivity of flocked side of aluminized shield, 0.043 

N s Total number of shields, 20 

= Heat llus of the insulation attachments and purging materials, w/m^ 
= Heat flux through the helium, w/m^ 


The heat flux through Superfloe as a function of layer density is given in Figure 3-38. A 
heat flux of 0.57 w/m (0.18 Btu/hr-ft ) through 20 layers of Superfloe was used in 
calculating radiation heat transfer to the receiver tank. This heat flux was also used to 
calculate the heat transfered to the fluid transfer line durirr. flow conditions. The heat 

fluxes through the insulation attachments and purging materials (4str^ interstitial 

gas conduction (4^^) assumed to be zero. An experience factor of 1.5 was applied to 
radiation heat transfer in order to compensate for degradation from penetrations, layup, 
lap fasteners and environmental uncertainties. 
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Figure 3-35 S-ti LASS/ EPOXY THERMAL CONDUCTIVITY 

(Reference 58) 
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A summary of the radiation and conduction heat transfer rates to tlw receiver tank is 
contained in Table 3*XVII. The heat leak to the transfer line, for worst case conditions, 
was calculated to be 9.3 w (31.7 Btu/hr). 


TABLE 3.XVII SUMMARY OF RECEIVER TANK HEAT LEAKS 


Mode/Com ponent 

Phase I 

Watt Btu/hr 

Phase II 
Watt Btu/hr 

Conduction: 





Support Struts 

0.53 

(1.8) 

0.26 

(0.9) 

Instrumentation Wirir^ 

0.50 

(1.7) 

0.50 

(1.7) 

Lines 

0.97 

(3.3) 

1.52 

(5.2) 

Radiation: 





Insulation 

14.2 

(48.5) 

3.0 

(10.2) 

TOTAL 

16.2 

(55.3) 

5.3 

(18.0) 


3.2.4 Transfer Line Pressure Drop. To ensure that liquid enters the receiver tank, 

the minimum required LH 2 transfer pressure was calculated. This transfer pressure 
includes the frictional pressure drop through the line smd components, and the pressure 
drop (i.e., level of subcooling) required to prevent two-phase flow formation from transfer 
line heat leak. Calculations based on the transfer line heat leak of 9.3 w (31.7 Btu/hr) 
indicated that, for the subcooled liquid, a temperature rise of 0.04^K (O.l^R) would result. 
This small change in temperature will not significantly increase the transfer pressure 
required. 

The pressure drop analysis uses a one-dimensional incompressible flow model. This model 
assumes that the system is composed of connected line elements and components. Each 
section of line or component is treated as a separate entity and is represented by 
resistances expressed as pressure drops. The total transfer line pressure drop is then the 
summation of the individual line segment and component pressure drops. The general 
equation for pressure drop (Reference 49) is Darcy's equation. This equation, modified to 
make mass flow rate the independent variable, is given in Equation 3-4. 
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(Equation 3-a) 


AP 



fL rf>^ 


wheret 

A P = Pressure drop, Pa (psia) 

C|j = Conversion factor, 1 (144 in^/ft^) 

g = Gravitational constant, 1 (32.17 

N sec^ Ibf-sec^ 

i = Fanning friction factor 

L = Length, m (ft) 

D = Diameter, m (ft) 

rfi = Mass flow rate. Kg/sec (Ib/sec) 

p = Density, Kg/m^ (Ib/ft^ 

The required friction factor for the straight line elements was computed utilizing the 
semi-empirical Colbrook-White equation given in Equation 3-3 (Reference 30). Tlie 
lines are assumed to be drawn tubing with a relative surface roughness on the order of 1 x 


= -2 log 
/f 


10 


Re A 


C \ 

JTW 


(Equation 3-3) 


where; 

Rg = Reynolds number 

e = Relative surface roughness 

The pressure losses due to components (e.g., valves, bends, etc.) are also given by 
Equation 3-4 using the component loss coefficient K. In a flow system which has 
components separated by a sufficient distance to ensure they do not interact, the 
components are assigned loss coefficients indep^-ndent of each other. This loss coefficient 
takes into account the immediate loss in the component and downstream losses due to the 
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flow field variations. The loss coefficient is generally given in terms of the flow 
coefficient C^; the relationship between them is given by Equation 9-6 (Reference b9). 


K z 


2.UI X lO^V 



(Equation 3-6) 


where: 


d s Diameter (m) 

To determine the component loss coefficients* vendor-supplied pressure drop data was 
used wherever possible. When this was not available* industry standard values for the size 
and type of component were used. The flow and loss coefficient data used in the transfer 
line pressure drop calculation is summarized in Table 3-XVlIL Figures 3-2 and 3-lb show 
the arrangement of components in the transfer line from whxh an estimate of the line 
segment length was made. 


TABLE 3-XVIII CFMF PRESSURE DROP DATA 


Component 


K 

Flow Control Valve 

8.0 

0.87 

Solenoid Operated Valve 

b.O 

1.1 

Check Valve 

0.8 

27.5 

Quality Measurement Device 

1.0 

17.6 


The frictional pressure drop through the transfer line* assuming a 22.7 gm/sec (0.05 
Ib/sec) flow rate of liquid hydrogen* was calculated to be 30 KPa (b.b psia). This pressure 
drop indicates that helium pressure greater than 30 KPa (b.b psia) is required in order to 
accomplish a liquid transfer. 

3.2.5 Inlet Manifold. The analysis of the inlet manifold centered around maintain- 

ing nearly uniform pressure down the length of the manifold, thus assuring uniform flow 
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from each port. The work outlined in Reference 91 was used to predict the performance 
of the manifold. This analysis consists of a divi^on of the fluid stream into paths hy 
means of a tnanifoid* which is accompanied by fluid pressure changes due to wall friction 
and changing fluid momentum. The friction produces a pressure reduction while 
deceleration of the portion of the fluid that undergoes a chwtge of oirection in flowing 
through a port tends to make the pressure rise. The calculations are based <m a one* 
dimensional flow equation for tubes having constant cross-sectional area. The Phase I and 
Phase II CFMF manifolds are assumed to contain fifteen and eighteen 3.2 mm (0.125 in) 
ports* respectively. Since the spacing between the ports is relatively small* the 
approximation of a continuous homogeneous system is made. The result of the momentum 
balance and pressure drop calculation using the Fanning equation as given in Refm’ence 51 


d\l dU ...dU ,,7/. „ 


(Equation 3-7) 


I 


1 

\ 

1 


i 


wheret 

U = u/u^ 

F - ^o 

0 ■ 2^^ k^*^ C 

y =i^/2iT5 


S? 


r 


: 

V I 


u = Fluid velocity 

f^ = Friction factor 

o 

k = Momentum adjustment for incomplete momentum recover (= 0.6) 
C s Discharge coefficient for the side orifices 

<j^ s initial fluid velocity 

0 s Tube diameter 

a 3 Fraction of internal area of tube that is occupied by ports 
X = Axial distance down manifold 
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Solving Equation 3«7 with the following boundary conditioitt at x « Ot 


U s I (Equation 3>S> 

^ s (Equation 3.9) 


wheret 

^ *c ^o" Po^ 

“ ° 2~ 

kpu' 

0 « density 

3 Initial inflow pressure 
p^ = Uniform pressure outside the ports 

yields the fluid velocity distributicm down tlw tube. 

A swnmary of the CFMF inlet manifold conditions is given in Table 3>X1X. Usii% this 
information, and F^ were evaluated and found to be 1.25 and 1.6, respectively. The 
results of numerically integrating Equation 3>7 are shown in Figure 3>39 with s 1.9 for 
the Phase I manifold and F^ = 1.6 for the Phase II manifold with = 1.25 for both 
manifolds. These results indicate that the flow variation down the manifol<te should be 
less than three percent. 


TABLE 3-XIX CFMF MANIFOLD OPERATING CONDITIONS 


Pvamtfvr 

V4lUt 

FIimE Vabit 

Mm F)0w EM 

22 J $m/$9C 

(0.05 Ib/wc) 

22.7 gm/itc 

1 

(OJUIWmcI I 

Tub* 

i.S) mm 

(0.25 tn> 

4.15 mm 

(045 m) 1 

r’^iction Fftctflr 

0.015 


(UH5 

1 

Di*ch*ff* Ce9ttxim% 

0.4 


0.4 

1 

Mimlold Length 

1.57 m 

(50 m) 

1.17 m 

UOM 

Fluid Dtmity 

70.1 K$/m* 

(4.414 inyit^ 

70.1 Kt/m’ 

(Ml* a/it*) 

Fluid ViBCOtitir 

1.) 1 10'^ Kf/m-MC 

(0.9 1 10*^ Ib/ft-Mc) 

1.} . 10*’ Kg/m’ 

(a«* io*’iwit-Mc) 

Bart 

Il.t mm 

(0.125 m) 

514 mm 

(ILIM ml 

Ap AcroM Fort 

4.0 KPb 

<1 p4m) 

4.9 KPb 

(1 pw*> 

Numbtr oi ForU 

15 


19 



12S 


0 



Figure 3-39 NONDIMENSIONAL FLOW VARIATION VERSUS DISTANCE 

3.2.6 Propellant Acquisition System . The general configuration of the propellant 

acquisition system was discussed in Paragraph 3. 1.2.3. This section describes the analysis 
and sizing of the start basket for the 0.165 scale tank. The operational requirements and 
design constraints were defined, then the start basket was sized to meet those require- 
ments and constraints. 

3.2.6. 1 Operational Requirements. A typical duty cycle for a POTV start basket 1st 

Initial Fill. The basket is filled in through the outlet line while in orbit. Vapor may be 
trapped inside the basket during filiir^. This requires some method for collapsir^ trapped 
vapor bubbles. 

Coast . During orbital coast, the liquid in the tank will tend to reposition itself away from 
the basket, toward the forward end of the tank. Portions, if not all, of the basket will be 
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surrounded by vapor. The basket will be subjected to heating which will cause evaporation 
at the screen surfaces and vapor inflow through the standpipe. The amount of va|K>r in 
the basket increases directly with the heating rate for a given coast period. The basket 
must be designed to accontmodate the largest volume of vapor that can form during this 
period and to retain enough liquid to operate the engine durit^ propellant settling. 

Settling. Prior to engine restart* the tanks of a POTV would be pressurized and liquid 
flow irom the start baskets would be initiated. The engine tlu^ust causes the bulk of the 
liquid to settle toward the outlet end of the tank. As the liquid begins to settle* liquid 
will enter the siart basket due to hydrostatic pressure. The settling time is a function of 
the quantity of liquid in the tank and the thrust leveL For a POTV start basket* the thrust 
levels* and hence th; settling times* are directly related to the start basket outflow rates. 
For the POTV model \is:gn, thrust is provided by the RCS thrusters* thus the g levels are 
independent of the start basket outflow .ate. 

Refill. The settled liquid refills the start basket by flowing through the main screen area 
while vapor flows out the standpipe. The driving pressure is the hycfrostatic head between 
the top of the standpipe and the liquid level in the start basket. The refill rate for a given 
acceleration level and quantity of liquid in t^ tank is dependent upon the main and 
standpipe screen surface areas and flow resistances. This rate must be sufficient to refill 
the start basket during the shortest thrust period. 

3.2.6.2 Design Constraints. The major design considerations for the design of a 
start basket were discussed in Paragraph 2.7.2.4. Table 3-lV (reproduced here) 
summarizes the specific design constraints for the 0.165 scale POTV tank start basket. 
The settling acceleration level, shown in Table 3-lV, is based on the -Y axis acceleration 
produced by the main RCS thrusters. It was assumed that disturbing accelerations in the 
+Y direction are limited to vernier thruster levels. This imposes a mission constraint to 
limit RCS thruster operation in the -t- Y>axis during start basket testing. If the disturbing 
accelerations were equal to the maximum settling acceleration* then it would not be 
possible to design the start basket to retain liquid during a disturbing acceleration and 
refill after settling. When the tank is less than 60 percent full, the start basket will not 
refill as the static head in the tank is not large enough to drive vapor from the standpipe 
with the low RCS acceleration levels. With the tank more than 60 percent full, 
preliminary calculations snow the start basket should be refilled within one minute after 
settling is initiated (See Appendix 111). 
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TABLE 3-IV 0.165 SCALE HOTV TANK START BASKET OESICN CONSTRAINTS 



0.165 Scale POTV Tank 


Overall Length « 1555.9 nun (60.59 in) 


Diameter « 695.7 mm (27e59 in) 


Elliptical Heads With Major/Minor Axis Ratio ^ 
1.5S 

Pluidt 

LH2at20^(56^> 

Flowratet 

Propeliant Outflow Rate s (U)2 kg/sec (0.05 
Ibm/sec) 

Acceleratiofu 

Maxing Settling Acceleration c 0.22 m/s^ (0.7 
I t/$ec^) along •Y-axis due to RCS main thrusters 


Maximum Daturbtng Acceleration s 0*002 m/s^ 
(0.007 ft/sec^) along ♦Y-axis due to RCS vernier 
thrusters 

Duration of Zero e: 

Liquid will be retained in start basket for ten hours 
maximum. 


3,2.6.3 Main Screen Sizing . The pore size of the main screens is based on retaining 
liquid in the basket during settling and disturbing accelerations. That is, the penetration 
pressure of the screen must exceed the maximum static head of liquid in the basket. The 
governing relationship is: 


APb> 


«c 


(Equation 3-10) 


where: 

A Pg = Screen penetration pressure 
= Liquid density 
g = Acceleration 

X = Liquid height in the direction of acceleration 
The penetration pressure is given by: 

An 


(Equation 3-11) 



where! 


0 = Liquid surface tension 

Ogp “ Absolute screen pore size 

K : Empirical constant to account for saeen geometry <K = 2.7 for Dutc 
weave; 3.0 for square weave) 

(SF) s Safety factor (equal to 1.5) 

Combining Equations 3*10 and 3-11, the maximum pore size to retain liquid is: 

rk ^ ® 8c (Equation 3-12) 

The calculations for maximum pore size are summarized in Table 3-XX. The length, x, 
us**d to calculate the maximum pore size for the main screen is the diameter of the start 
basket since the maximum acceleration is perpendicular to the axis of the tank. 


TABLE 3-XX MAIN SCREEN SIZING CALCULATION 


Variable 

Value 

g 

0.40 m/sec^ (1.3 ft/sec^) 

a 

70.5 Kg/m^ (4.4 Ib/ft^) 

2.25 dyne/cm (1.12 x 10*^ Ib/in) 

X 

406.4 mm (16 in) 

K 

2.7 

SF 

1.5 

Bpmax 

311 V>m 


3.2.6.4 Standpipe Sizing. The maximum pore size of the standpipe screen is 
determined by the requirement that the standpipe must retain liquid during adverse 
accelerations (accelerations opposite to the settling direction). The column of liquid 
which must be retained is equal to the length of the standpipe plus tlv height of the start 
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basket. The miniinum pore size is set by the refill require inents. To permit complete 
refilling of the start basket, the gas penetration pressure of the standpipe screen must be 
less than tne static head of a column of liquid equal to the length of the standpipe 
subjected to the settling acceleration. This pore size is determined by Equation 3*13. 

K 0 gc - O 


where: 

= Settling acceleration 
g^ = Adverse acceleration 

a = Height of start basket 

The sizing calculations for the standpipe are shown in Table 3-XXl: 


TABLE 3-XXl STANDPIPE SCREEN SIZING CALCULATION 


Variable 

Value 

8a 

2 2 

0.0021 m/s (0.007 f/s ) (vernier thrusters) 

8s 

0.22 m/s^ (0.7 f/s^) 

\ 

70.5 Kg/m^ Ib/ft^ 

a 

2.25 dyne/cm (1.3* (10"^) Ib/ft) 

a 

76.2 mm (0.25 ft) 

K 

2.7 

SF 

1.5 

^Bpmax 

30*367 pm 


This calculation demonstrates the adverse accelerations are so low that there are 
virtually no retention requirements for the standpipe. 




The minimum length of the standpipe i equired for a given screen pore size is: 


^ ® 115 ^ 

*- = o ~' e B — = 15 — (Equation 3-14) 

a h ‘^Bp ^Bp 

where D^p is less than To minimize the length of the standpipe, the coarsest 

screen available with good wicking properties should be used. Using 10 x 52 mesh Dutch 
plain weave, with a pore size of 325 tim, the minimum standpipe length is: 

Lmin = 1081 mm (3.55 ft) 

Square weave screens have larger pore sizes and would permit a shorter standpipe. 
However, square weave screen by itself does not wick and will require modification, such 
as a perforated backing plate to promote wicking. 

A standpipe fabricated from dutch weave screen, whose coarsest mesh has a bubble point 
diameter of 325 microns will require a standpipe height of 1081 mm (3.55 ft). Because of 
the potential design problem of wicking along the standpipe length, this configuration and 
several alternatives were examined for accomplishing start basket test objectives. 

1. Use a 1081 mm (3.55 ft) standpipe with the supporting structure required for its 
length. To conduct a refilling test, approximately 80 percent of liquid must be 
present in the tank to cover the standpipe when the tank contents are settled. For 
the low-g liquid retention performance, the basket should be surrounded by vapor, 
thus less than 20 percent liquid should exist in the tank and be positioned in the 
forward bulkhead. This may be accomplished by conducting the refilling test at 80 
percent full, draining to 20 percent or less, waiting for sufficient time without 
disturbances to position the liquid in the forward end of the tank and then 
conducting the liquid retention testing. 

2. Use a 152 mm (6 in), 325 micron dutch weave screen standpipe to minimize 
structural problems and facilitate wicking along the standpipe. This approach 
would eliminate the possibility of refill testir:g because of insufficient hydrostatic 
head to force vapor out of the standpipe. It would, however, provide a more 
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realistic configuration with regard to wicking distance requirements relative to the 
POT^'. Structural and design considerations would also be more in line with the 
anticipated POTV configuration. 

3. Use a 502.9 mm (1.65 ft) standpipe with a 24 mesh square weave screen (700 
microns) backed by a perforated plate to facilitate wicking while maintaining low 
retention capability. This approach has the potential of providing refill capability 
and permits all experiment objectives to be achieved. However* it creates a 
developmental problem with regard to the fabrication and performance of the 
square weave screen/perforated plate wicking barrier. 

3.2.S.5 Start Basket Volume. The liquid volume in the start basket must provide for 
the following: 


1. Engine chilldown 

2. Settling 

3. Evaporative losses during zero gravity 

4. Channel volume 

5. Residuals 

6. Standpipe volume 

Engine Chilldown. In a POTV there would be a liquid volume required for engine chilldown 
prior to ignition. Since this volume is determined by the particular application* no 
attempt was made to include a "chilldown" volume in the CFMF start basket. 

Settling. The settling time was calculated as five times the free fall time. This 
calculation used the RCS acceleration of 0.22 m/sec (0.72 ft/sec ) and the distance from 
the flat liquid interface to the opposite end of the tank. For complete refilling the end of 
the standpipe must be covered by liquid. For the 1081 mm (3.55 ft) standpipe this means 
that the tank is roughly 60 percent full and the settling distance is 0.61 m (2.0 ft). Using 
Equation 3*15, a settling time of I i.8 seconds was calculated. 

t = 5^2 H/g (Equation 3-15) 

where: 

H = Free fall height, m (ft) 

2 2 

gj = Settling acceleration, m/sec (ft/sec ) 


The required volume for settling is given by Equation 3-16: 



*^out *ss 



(Equation 3-16) 


where: 


= Outflow rate, Kg/sec (Ib/sec) 

= Liquid density, Kg/m^ (Ib/ft^) 

The outflow rate from the basket is arbitrary; however, based on refill calculations as 
discussed in Appendix HI, the maximum outflow rate at which refill will occur for the 
proposed start basket is 9.1 g/sec (0.02 Ibs/sec). Usii^ an outflow rate of 9.1 g/sec (0.02 
Ibs/sec) and a tank fill level of 60 percent, the settling volume is: 

V = 1.52 X 10’^ m^ (0.056 ft^) 

Evaporative Losses. Evaporative losses from the start basket during zero g are due to 
heat transfer into the basket. This heat transfer is a combination of three components: 
heat tr^sfer across the tank w«dl incident on the elliptical surface, heat transfer to the 
conical surface and standpipe by convection and heat transfer by coruluction through 
supports, iines and penetrations. The total heating rate during zero-g coast was 
estimated to be 0.28 w (0.96 Btu/hr). Contributions from the elliptical surface, conical 
surface/standpipe, and conduction heat leak components are 0.095 w (0.33 Btu/hr), 0.182 
w (0.62 Btu/hr) and 0.003 w (0.01 Btu/hr), respectively. 

The volume of liquid evaporated due to this heating is given by: 

.. ^T (Eauation 3-17) 

'^TL 'Tijr 

where: 

^ = Heat rate into the start basket, w (Btu/hr) 

6t : Time between settled periods, hr 
Pj^ = Liquid density, g/cm^ (Ib/ft^) 

X = Heat of vaporization, 3/Kg (Btu/lb) 


0 


136 


If a 10-hour coast period is assumed, the evaporative loss will bet 

V = 3.11 X lO’** (0.01 1 

Channel Volume. Channels are designed for supplying vapor-free liquid to engines 
regardless of the vapor/liquid orientation in the basket prior to engine restart. They must 
therefore extend into the basket volume and maintain enough liquid in contact with the 
screen surfaces to prevent vapor ingestion into the channels. The channels were sized 
based on maintaining similarity between this model design and that used for the POTV in 
Reference 43. The POTV dnigp had channels that extended to the intersection of the 
conical and elliptical section of the basket from the outlet. This was maintained in the 
0.165 scale model. Channel dimensions of 50.8 mm x 127 mm (2 in x 5 in) for the POTV 
were scaled to 9.5 mm x 25.4 mm (3/8 in x 1.0 in) (approximate linear scaling) in the 0.165 
scale model. The resulting channel volume is: 

V = 2.27 X 10‘^ m^ (0.008 ft^ 

Residuals . The residual volume is to ensure that liquid is in contact with the channel 
screens at the start of outflow. The area of screen/liquid contact, through which liquid 
enters the channels, must be sufficient to prevent channel screen breakdown and vapor 
ingestion. 

For the residual calculation it was assumed that all the liquid was located in the upper 
portion of the start basket. This is the liquid orientation for which the liquid volume 
retained in the basket when the channel screens breakdown is a maximum. 

Using the flow resistance characteristics of the 325 x 2300 channel screen and an outflow 
rate of 9. 1 g/sec (0.02 Ibs/sec), the liquid volume required to ensure vapor-free outflow is: 

V = 1.76 X 10'^ m^ (0.062 ft^) 

Stanttoipe Volume. The standpipe volume depends upon which alternative standpipe design 
is used. Assuming the third alternative (1081 mm (3.55 ft)) and a diameter of 25.4 mm 
(1.0 in), the standpipe volume is: 

V = 6.59 X 10’'' m^ (0.023 ft^) 
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Start Basket Volume Summary. Table 3-XXII summarizes the results of the start basket 
volume calculations. 


TABLE 3-XXIl START BASKET VOLUME CALCULATION SUMMARY 


Component 

Volume 

Settling 

1.52 X 10’^ 

(0.054 It’) 

Evaporative Losses 

3.11 X 10"^ m^ 

(0.011 ft’) 

Channel Volume 

2.27 X 10"^ m^ 

(0.008 ft’) 

Residuals 

1.76 X 10’^ m^ 

(0.062 ft’) 

Standpipe Volume 

6.99 X 10"^ m^ 

(0.023 ft’) 

Margin (29 percent) 

1.96 X 1C‘^ m^ 

(0.099 ft’) 

TOTAL 

0.0060 m^ 

(0.213 ft’) 


3.2.6.6 Start Basket Geometry. A schematic of start basket geometry is shown in 
Figure 3-21. The dimensions of the start basket were calculated to correspond to the 
volumes given in Table 3-XXII. They are: 

r = 223.3 mm (8.79 in) 
h =61.7 mm (2.43 in) 

c = 23.4 mm (0.92 in) 

L = 502.9 mm (19.8 in) 

Based on the constraint of Equation 3-12, the coarsest wicking screen possible, 10 x 92, 
would be selected (Ogp = 329 p m) for standpipe alternatives 1 and 2. The next coarsest 
screen wicking available, 12 x 64, (D^p = 299 Mm), would be used for the main screen. 
Two layers of this screen are used, backed with perforated plate (91 percent open area, 
9.5 mm (3/8 in) holes on 12.7 mm (1/2 in) centers). For the channel screen, 329 x 2300 
m»h was chosen to be representation of a POTV configuration, allowing a reasonably high 
mass flow per unit area and good screen retention capability. 

For standpipe alternative 3, the constraints of Equations 3-13 and 3-14 must be satisfied. 
The standpipe screen would be a 24 mesh square weave (700 p ni) microns corresponding 
to a standpipe height of 502.9 mm (1.69 ft). 
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3.2.7 Safety and Reliability Analyses . This paragraph analyzes each phase of the 

CFMF and identifies inherent hazards and system limitations. These analyses comply with 
the NASA payload safety requirements. As the design matures» additional analyses will be 
added) refined and expanded. 

The results of the Fault Hazard Analysis, includii^ the standard Failure Modes and Effect 
Analysis, and the System Safety Fault Hazard Analysis data as defined by NHB 1700.1 
(V3), System Safety (Reference 52), are presented in Appendix 1. 

Information presented in the "Component Failure Rate" column was derived from 
Reference 53. As particular valyes, sensors, meters and transducers are selected during 
the detailed design, the manufacturer's and/or test data will be utilized to update the 
failure rate data. 

"Electrical failure" has been listed several times in the "Factors That May Cause 
Secondary Component Failure" Column and "Upstream Components or Inputs That May 
Cause Sequential Failures" Column. These electrical failures may range from complete 
electrical failure of the experiment to the component failing to receive a signal from tlw 
DACS. 

Nucleonic fluid gauging was selected for the conceptual design. The radiation source and 
detector unit will be mounted externally to the receiver tank. Krypton 85 will be used in 
the aluminum alloy sovirce tubing. Approximately 6 millicuries of Kr-85 (which is the 
equivalent to 300 millicuries total gamma ray strength) will be the radiation source. The 
tubing will have sufficient density/thickness to stop beta particles and will have negligible 
Bremsstrahlung output. 

While sufficient information is not available for a hazard analysis on the Mass Gauging 
System, the "Payload Safety Guidelines" of 3SC Handbook 11123, Section 3.1<» (Reference 
54), will be followed, as well as information contained in GE Study 72SD4201, "Manned 
Space Flight Nuclear System Safety" (Reference 55). The 3CS Space Shuttle Program 
Office will be contacted and approval received during the Preliminary Design Phase of the 
project. 
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The conclusions from this analysis show that no single point failure of this system will 
cause an unsafe condition on the launch pad or in orbit} howevert several single point 
failures will terntinate the experiment. Futme analysis will require an updating of the 
Component Failure Rate data and their Criticality Factors. 

3.3 Facility St«)port Requirements. This paragraph defines the ground and on> 

orbit facility support requirements. Ground support equipmmt required to service the 
CFMF and the Payload Specialist on-erbit support requirements are defined in Paragraphs 

3.3.1 and 3.3.2, respectively. 

3.3.1 Ground Support Equipment (GSE). The GSE required to service the CFMF 
before launch includes a cryogenic hydrogen loading system to fill the supply tank, a 
gaseous helium loading system for charging facility helium bottles, and mechanical 
equipment for handling and lifting. This paragraph provides a conceptual discussion of the 
GSE required for the CFMF. 

3.3. 1.1 Cryogenic Servicing Equipment . The Beech-built Fuel Cell Servicing System 
(FCSS) is currently used to load the Space Shuttle Power Reactant Storage Assembly 
(PRSA) tanks with supercritical hydrogen and oxygen. The FCSS can be used to fill the 
CFMF supply tank with LH 2 through the midbody umbilical, shown schematically in Figure 
3-41; however, changes in the operating procedure will be required to fill the supply tank 
with low pressure (12 N/cm (18 psia)) saturated liquid. Modifications to the system to 
provide a fifth LH 2 fill line would be required or, for an unmodified FCSS, a tee and 
shutoff vatves would have to be installed in a LH^ PRSA fill line inside of the Space 
Shuttle. 



Figure 3-40 FCSS SCHEMATIC 
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If fewer than four hydrogen reactant tanks are installed in the Orbiter* the CFMP supply 
tank could be connected to one of the four fill/drain lines on the PCSS. If four reactant 
tanks are installedt it would be necessary to tee into a reactant tank fill line on the 
Orbiter (as shown in Figure 3-41) to avoid modifyii^ the PCSS* Vmting the su|^y tank 
during servicing would be through the PCSS vent system} however, a fifth vent line would 
be needed. Provision for this vent is included in the PCSS ttesign; however, the line has 
not currently been installed. After fill, when the mi«fl>ody umbilical is disconnected, 
venting is through the T-O umbilical. 



Figure 3-41 DETAIL OF ALTERNATE CFMF FILL CONNECTION 


The basic procedure for loading the CFMF supply tank after the reactant supply tanks 

have been loaded is as follows: 

1. Reactant supply tanks are isolated from the FCSS. 

2. The FCSS is depressurized. 

3. If fewer than (our reactant tanks are in the Orbiter, the supply tank is filled 
directly through the appropriate fill/ik-ain line, if, however, the CFMF supply tank 
is teed into a reactant tank fill line, then the valves shown in Figure 3-42 must be 
properly positioned to (ill the supply tank. 


Lo*d lour PKSA tanks 



Figure 3-42 CFME LOADINLi bCHEDULt 


4. Filling IS terrmnated \^hen the vent line liquid level sensor detects liquid in the 
line. 

3. Fill lines are purged. 

based on experience with filling the FKSA tanks, the tiriie required to fill the CFMF 
supply tank should be less than 30 minutes. As shovin in Figure 3-43, this is compatible 
A.th tlie Orbiter launch preparation schedule. 






A failure analysis of the PCSS (Reference )o) concluded that the hazards of operating 
the FCSS are no greater than those of other similar systems operated at KSC. Use of the 
PCSS for loading the CPMF supply tank sliould not result in additional nazards during 
ayogen servicing. 

^3*1«2 Uaseous helium Servicing Equipment . The gaseous helium bottles for the 
CFMP supply and receiver tanks will be charged in the Operations and Control (O&C) 
Building prior to pallet>to-Shuttle integration. This system includes all the recjuired 
valves, flex lines and regulaum necessary to fill the oottles (maximum pressure 2162 
N/cm^ (3135 psia) at 29®C (83®P». 

3.3. 1.3 Handling Equipment. Fixtures for handling the supply tank prior to 
installation on the pallet will have been designed as part of the CPME design effort. 
Similar fixtures would be needed for the receiver tank and its associated hardware. 

13.2 Payload Specialist . The Payload Specialist's involvement in monitoring the 

facility is to be minimized; however, some interaction is required. The interface between 
the facility and the mission Payload Specialist is through the Aft Flight Deck (AFO). He 
will be responsible lor the requests made by the facility OACS for RCS thruster firing, as 
well as honoring requests for low acceleration coast periods. In addition, the Payload 
Specialist will have the capability to nrxmitor the facility's progress through its prepro- 
grammed sequence. This capability is necessary to provide the Payload Specialist with 
any information required in the event an experiment abort is required. 

3.4 Mission Constraints. This paragraph defines the constraints imposed by the 

CFMP during its operating period on the Space Shuttle mission. These constraints can be 
broken down into three major categories: U) thermal constraints, (2) acceleration 

requirennients and (3) mission scheduling. 

3.4.1 Thermal . The maximum and minimum pallet surface temperatures are 

dependent on the mission profile. A maximum pallet surface temperature of 393^K 
(708^R) and a minimum temperature of 123^K (222^R) were used for analysis purposes. 
Based on this preliminary analysis, it was concluded that the CFMF will not impose 
thermal constraints on the Space Shuttle mission. During the detailed design of CFMF, 
however, it will be necessary to ensure that temperature limits for valves and quality 
gauging system within the facility arc not excee^d. 
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3.4.2 Acceleration . The constraints iinposed by acceleration requirernents are 
based on the need for low acceleration coast and utilization of the RCS primary thrusters. 
The low acceleration coast will be required to simulate POTV operations. AssessiTient of 
the tapered vent tube and internal heat exchanger/fan operations during Phase U» Mission 
Two, and the thermodynamic vent system operation and start basket testing during Phase 
II, Mission Three, will require a low acceleration environment. 

In Phase II, Mission Two, the reactant control system primary thrusters will be utilized 
during venting and receiver tank draining. Once the receiver tank start basket has been 
filled (Mission Three), the A RCS primary thrusters may net be fired; firing of the RCS 
engines during this period will result in start basket breakdown* The reactant control 
system -^Y primary thrusters will be required during start basket refill and tank (ta’aining 
processes. Cycles of RCS thruster firing and low acceleration coast periods will be 
required during start basket testing. 

3.4.3 Mission Scheduling . The CFMF (Missions Two and Three) must not to be 
flown with other experiments which require large quantities of RCS propellant, special 
accelerations, directional requirements or solar positioning. The second and third 
missions require approximately 680 Kg (1500 lbs) and 862 Kg (1900 lbs) of RCS propellant 
respectively. These propellant requirements are nearly half of the total RCS propellant 
available for payload support and, therefore, will influence mission availability and 
scheduling. 


3.5 Experimental Test Plan . To meet the mission objectives, an Experimental 

Test Plan for the CFMF was developed. This Test Plan defines the ground test 
requirements, launch procedure and on-orbit sequence of operations for each of the three 
missions. 


3.5.1 Phase 1 Test Phase . The following paragraphs describe the Experimental 
Test Plan for Phase 1. 

3.5. 1.1 Ground Test Requirements . The ground test requirements consist of those 
test items to be performed at KSC following integration of the CFMF with the Spacelab 
pallet. These requirements assume that component and system checkout was accom- 
plished prior to shipping. 
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The ground test requirements for the CFMF are: 

1. Continuity check of all electrical circuits. 

2. Verification of supply tank vacuum integrity. 

1. Leak check with ambient temperature helium. 

ft. Check operation of fill valves with low pressure ambient helium. 

5. Instrumentation checkout. 

6. Recorder and DACS checkout • check manual c :<» off and abort capability. 

7. Check C&W signal generation. 

These tests will be performed prior to pallet-to-Shultle integration, Level I. 

3.3.1.2 Launch Procedure . This paragraph describes the sequence of events from 
receipt of the CFMF hardware at KSC to launch (excluding ground test requirements 
discussed in Paragraph 3.5. 1.1). Figure 3-43 shows the schedule for the integration of 
CFMF hardware to Spacelah pallet and finally to the Space Shuttle. This schedule shows 
that approximately 12 working days cure required to complete CFMF-to-pallet integration. 

The GSE schedule for the loading of the CFMF supply tank is described in Paragraph 3.3.1. 
Electrical (ground Support Equipment (EGSE) will be required to operate the CFMF up 
until launch. Tne supply tank TVS will operate by venting through the T-O umbilical until 
just prior to launch, then will be closed until orbit is achieved. 

3.5 • 3 On-Orbit Operation . The following paragraphs describe the experimental 
tes. plan for Phase 1, Mission One. Approximately 96 hours would be required to complete 
all of the first mission objectives. A typical time line for Mission One is given in Figure 
3-44. This permits the first 24 hours of on-orbit operation for orbit stabilization and 
housekeeping. 

Table 3-XXill gives the valve positions, per Figure 3-2, required to accomplish the 
following mission operations. 
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Figure 3-43 CFMF INTEGRATION SCHEDULE 
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TABLE 3-XXIH PHASE I, MISSION ONE, OPERATING PROCEDURE 


— 
Operational Mode 

r 

1 


3 

jl 

3 

6 

7 

> 

9 

sov^ 
10 II 

1 

12 


ii 

13 

16 

J7, 

It IS 20 

S! 

Helium Supply Fill 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

C 

C 

C 

c 

c 

C 

0 

c 

o 

c 

c 

Supply Tank Fill 

c 

c 

c 

c 

c 

o 

c 

c 

c 

c 

C 

C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

Pre launch 

c 

c 

M 

c 

c 

c 

c 

c 

c 

c 

C 

C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

Shuttle Launch 

0 

c 

c 

c 

c 

c 

c 

c 

c 

c 

C 

C 

C 

c 

c 

c 

c 

c 

c 

c 

n 

Supply Tank TVS 

0 

c 

M 

c 

c 

c 

c 

c 

c 

c 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

H 

Supply Tank ftessuriaation 

0 

c 

M 

c 

c 

c 

c 

c 

M 

M 

M« 

MV 

c 

c 

c 

c 

c 

c 

c 

c 

R 

Quality Meter Calibration 

o 

c 

M 

c 

c 

c 

c 

0 

M 

M 

M» 

M* 

c 

c 

c 

c 

c 

c 

c 

c 

Q 

Supply Tank Outflow 

0 

c 

M 

c 

c 

c 

c 

0 

M 

M 

MV 

MV 

c 

c 

c 

c 

c 

c 

c 

c 

Q 

Receiver Tank Prechill Charge 

o 

c 

M 

c 

c 

c 

o 

c 

M 

M 

M* 

M* 

c 

c 

c 

c 

c 

c 

c 

c 

III 

Receiver Tank Prechill Hold 

o 

c 

M 

c 

c 

c 

c 

c 

c 

c 

C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

R 

Receiver Tank Prechill Vent 

0 

c 

M 

o 

c 

c 

c 

c 

c 

c 

C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

C 

Supply Tank Drain 

o 

c 

C 

c 

c 

c 

c 

o 

M 

M 

M* 

M* 

c 

c 

c 

c 

c 

c 

c 

c 

M I 

Receiver Tank Blowdown 

0 

c 

c 

o 

c 

c 

c 

c 

c 

c 

C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

Supply Tank Inerting 

0 

c 

c 

c 

c 

c 

c 

c 

M 

M 

MV 

MV 

c 

c 

c 

c 

c 

c 

c 

c 

c 

Receiver Tank Inerting 

o 

c 

c 

c 

c 

c 

c 

c 

c 

c 

C 

C 

M 

M 

MV 

MV 

c 

c 

c 

c 

D 

Prelaunch (T< 4 hrs) 

c 

c 

c 

c 

0 

c 

c 

c 

M 

M 

MV 

MV 

c 

c 

c 

c 

c 

c 

c 

c 

c 

Abort Orbit 

0 

c 

c 

c 

c 

c 

c 

o 

M 

M 

MV 

MV 

c 

c 

c 

c 

c 

c 

c 

c 

o 

Post Landing 

c 

o 

c 

c 

c 

c 

c 

c 

M 

M 

M« 

M* 

c 

c 

c 

c 

c 

c 

c 

c 

c 


O - Open 
M • ModuUte 
C -Oose 
♦ - Bcckup 

t - Reference Phase I Flow Schemattc, Figure 3-2 


Facility Checkout. Following orbit insertion, instrument check-out involving the electri- 
cal systems and equipment check-out will be initiated. Checkout of the OACS and 
electrical continuity checks will constitute the electrical system testing. 

Preparation for Supply Tank Outflow . The supply tank TVS will be re-activated 
immediately upon orbit insertion. The microprocessor will monitor supply tank pressures 
and temperatures to evaluate the effectiveness of the TVS. During this period of no-out 
flow from the supply line, the retention capability of the capillary device will be 
determined during the first outflow. During the period of no-outflow, the DACS will 
monitor vibration levels, temperatures in the supply tank, and the supply tank pressure 
history. Heat flux into the supply tank will be determined using the TVS mass flow rate 
and supply tank pressure history. 
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First Supply Tank Outflow . The first and second primary experimental objectives outlined 
in Table 2-1 will be demonstrated during this period. The outflow sequence will involve 
pressurization of the supply tank with helium and opening SOV8 and FCVl. The DACS will 
monitor the capillary device pressure and temperature, supply tank liquid quantity, 
outflow quality, outflow rate and helium pressurant usage. These measurements will be 
used to evaluate the response of the supply tank capillary device to transients during 
start-up and shut-down of the outflow from the stqjpiy tank. During this first supply 
outflow, about 20 percent of the LH 2 ^U1 expelled. The first portion of this outflow 
will be used to calibrate the quality/density meter. This will be done by flowing liquid 
hydrogen through QM2 and then through SOV8 and heat exchangers HXl and HX2. 

Post Supply Tank Outflow. Following the outflow operation, a coast period with the TVS 
active will be initiated to determine the effect of the warm helium pressurant on the 
supply tank capillary device and the thermodynamic state of the liquid hydrogen. 
Evaporation inside the channel will be evaluated by measuring the quality of liquid 
expelled during subsequent outflows. 

Receiver Tank Prechill. During the second outflow period, the third and fourth primary 
experimental objectives, transfer line cooldown and the receiver tank prechill will be 
accomplished. The CFME tank will be pressurized and outflow will be initiated. Liquid 
hydrogen will flow through the transfer line into the receiver tank, utilizing the charge, 
hold and vent sequence as described in Paragraph 2.5.1. Flow into the receiver tank will 
be terminated when the receiver tank has reached a predetermined pressure. Following 
charge, the receiver tank will enter a hold period until either the pressure in the receiver 
tank reaches the maximum tank pressure, or until the average tank wall and fluid 
temperatures are within approximately 5 percent of each other. The receiver tank will 
then be vented down to approximately 10.3 kPa (1.5 psi). Charge, hold and vent cycles 
will be repeated until the average receiver tank wall temperature has reached the prechill 
target temperature of approximately llO^K (200^R). Upon completing prechill of the 
receiver tank, it will be vented down to approximately 10.3 kPa (1.5 psia). 

If sufficient LH^ remains in the supply tank for another receiver tank prechill, it would be 
necessary to warm the receiver tank to ambient conditions. This could be accomplished 
with the use of electrical heaters mounted on the tank wall. The second prechill would 
allow for evaluation of a LH 2 flow rate other than 0.023 Kg/sec (0.05 Ib/sec). Following 
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the last prechill hold, the receiver tank will be vented to approximately 10.3 kPa (1.5 psia) 
and held 12 hours while the tank warms up. Then the receiver tank will again be vented to 
10.3 kPa (1.5 psia) and inerted with helium. 

Supply Tank Drain. Following the receiver tank prechill, the volumetric efficiency of the 
supply tank capillary device will be evaluated. The supply tank will be drained until vapor 
breaks through the capillary device, at which time the flow rate, supply tank pressure, 
temperature and the quantity of liquid in the tank will be recorded. 

Supply Tank Inerting. With the supply tank drained to approximately three percent 
residuals, helium inerting will begin. This will be accomplished by venting the supply tank 
to approximately 10.3 kPa (1.5 psia). Having closed the vent, the tank pressure will be 
allowed to Increase due to heat leak into the tank. At the time the vent is closed, the 
supply tank temperature will be approximately l^'^K (25^R). Based on Reference 3, the 
heat leak into the tank will be 7.1 w (24.3 Btu/hr); thus, a 24-hour hold would increase the 
supply tank temperature and pressure to 31°K (56®R) and 303 kPa (44 psia), respectively. 
The supply tank will again be vented to approximately 10.3 kPa (1.5 psia), then will be 
pressurized and inerted with helium gas. 

Receiver Tank Inerting. The Phase I receiver tank will contain only vapor. Inerting will 
consist of an initial tank blowdown followed by helium pressurization and a second 
blowdown and helium rep*‘essurization to 124 kPa (18 psia). The last helium pressurization 
is required to prevent tank collapse upon reentry. 

3.5.2 Phase II. The following subparagraphs describe the experimental test plan 

for both missions of the CFMF Phase II. 

3.5.2. 1 Ground Test Requirements. The ground test requirements for both missions 
of Phase II are identical to the requirements for Phase 1 discussed in Paragraph 3.5. 1.1. 

3.5.2.2 Launch Procedure. The Phase II launch procedure is identical to the Phase 1 
launch procedure contained in Paragraph 3.5. 1.2. 

3.5.2.3 On-Orbit Operation, Phase 11, Mission Two. Approximately 125 hours will be 
required to complete all of the second mission objectives; a typical timeline for Mission 
Two is contained in Figure 3-45. This timeline allow:> the first 24 hours of on-orbit 
operation for orbit stabilization and housekeeping. A three-hour time lag is permitted for 
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Table 'J-XXIV gives the valve positions, per Figure 3-14, (or the various operations of 
Mission Two. 

Facility Checkout . As in Mission One, instrument and electrical checkouts will be 
initiated following orbit insertion. Checkout of the DACS and electrical continuity 
checks constitute the electrical system testing. 

Preparation for Supply Tank Outflow . The supply tank TVS will be re-activated 
immediately upon orbit insertion. During this period, a microprocessor will be monitoring 
supply tank pressure and temperature to evaluate the effectiveness of the TVS flow/ 
outflow demand. At this point, the DACS will be monitoring vibration levels, tempera- 
tures in the transfer line and supply tank, and supply tank pressure. Heat flux to the 
supply tank will be deterrm.ied from the TVS mass flow rate and supply tank pressure 
history. Upon completion of this co«ist period, steady state supply tank conditions should 
have been reached and the supply tank will be pressurized to approximately 276 kPa (40 
psia) using the ambient helium pressurant. During the pressurization, the supply tank 
temperature and pressure will be recorded to determine the effect of the ambient helium 
pressurant on the supply tank LH2 thermodynamic state. 
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TABLE 3-XXIV PHASE II, MISSION TWO, OPERATING PROCEDURE 
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Receiver Tank Prechill. The receiver tank prechill will be accomplished utilizing the 
charge, hold and vent technique for Phase I discussed in Paragraph 3.5. 1.3. Outflow from 
the supply tank into the receiver tank will be initiated and continue until the receiver 
tank pressure reaches approximately 103 kPa (15 psia). Having completed the LH 2 
charge, the receiver tank will be locked up until its pressure reaches the maximum 

working pressure of 276 kPa (40 psia), or until the average receiver tank wall and fluid 

temperature are within 5 percent of each other. When one of these conditions is met, the 
receiver tank will be vented to approximately 10.3 kPa (1.5 psia), and the vent then 
closed. During venting, the vent fluid quality will be monitored to determine if liquid is 

vented. Having completed the charge, hold and vent cycle, the average tank wall 

temperature will be determined and compared to the predetermined prechill target 
temperature of 100°K (180°R). If the average receiver tank temperature exceeds the 
target temperature, another charge, hold and vent cycle will be initiated. During the 


receiver tank prechill, data will be collected on the supply tank's capability to provide 
pulsed flow as required by the receiver tank prechill charge period. Receiver tank 
pressure and temperature histories, transfer line pressures and temperatures, and the 
gravitational field during transfer will be recorded by the DACS. 

.receiver Tank Fill. After prechill, the receiver tank will be filled at a maximum supply 
tank outflow rate of 22.7 g/sec (0.05 Ib/sec). The fill will be completed to the 92.2 
percent level, the same fill percentage as the full-scale POTV. During fill, supply tank 
outflow quality, temperatures and pressures will be recorded, as well as receiver tank 
pressure, fluid and wall temperatures. This data will be used to determine whether the 
mixing relations described in Paragraph 2.5 have been met. 

Receiver Tank Pressurization . Following fill, the receiver tank will be pressurized with 
ambient helium to 241 kPa (35 psia). During pressurization, receiver tank temperature 
and pressure will be monitored to evaluate the impact of ambient pressure on receiver 
tank LH 2 thermodynamic conditions. 

Venting. Liquid outflow from the receiver tank will be initiated using RCS engines for 
settling. The tank will be drained to the 80 percent fill level. A 12-hour coast period will 
follow the settling operation during which the liquid hydrogen will assume a low-gravity 
position within the tank. Venting through the tapered vent tube will be done by opening 
SOV4. Tank temperature, pressure, vent flow rate and quality will be recorded. If 
significant quantities of liquid hydrogen are detected escaping through the vent tube, the 
vent will be closed. The sequence of operations consisting of the settling, coaist and 
venting will be repeated at 60 percent, 40 percent and 20 percent receiver tank fill levels. 
If venting through the tapered vent tube during coast proves unacceptable due to liquid 
losses, then helium venting would be accomplished after settling. 

Internal Heat Exchanger/Fan TVS . During the coast periods between helium venting, the 
performance of the TVS and the ability of the internal fan to destratify the tank will be 
assessed. The thermal performance of the TVS will be determined by measuring the 
quality, temperature and pressure of the vent flow with QM4, TS7 and PT7. The effect of 
the fan on stratification and bulk fluid mixing will be evaluated by monitoring tempera- 
tures and pressures. 
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Receiver Tank Drain . Following the helium vent operation at the 20 percent fill level, the 
receiver tank will be drained until vapor pullthrough occurs. This will be accomplished by 
settling the LH2, utilizing the RCS engines. A vapor pullthrough suppression baffle will 
be used to prevent early vapor ingestion. At pullthrough, the quantity of liquid remaining 
in the tank, the mass flow rate out of the tank and tlie tank pressure, will be recorded. 

Supply and Receiver Tank Inerting . After draining, the supply and receiver tank residuals 
will be approximately three percent and helium inerting will begin. Inerting will be 
accomplished by venting the tanks to approximately 10.3 kPa (1.5 psia), closing the vents 
and allowing the tank pressures to increase. At the time the vents are closed, the 
minimum supply and receiver tank temperatures will be approximately I4°K (25°R). 
After a 24-hour hold, the supply and receiver tank temperatures and pressures will 
increase such that only vapor exists in the tanks. This will permit further venting to 
approximately 10.5 kPa (1.5 psia), after which the supply tank and receiver tanks will be 
pressurized (and inerted) with ambient helium gas. 

3. 5.2.4 On-Orbit Operation, Phase II, Mission Three . A typical timeline for this 

mission is given in Figure 3-46. This figure shows that 111 hours are required to meet 
mission objectives; the first 24 hours are assumed to be unavailable. Valve positions for 
mission operations are given in Table 3-XXV. 



Figure 3-46 PHASE II, MISSION THREE, TIMELINE 
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T^BLE 3-XXV PHASE II, MISSION THREE, OPERATING PROCEDURE 













SOV^ 











PCV 1 

Opff4tion4l Modv 

1 

X 

5 


3 

s 

-L 

JL 

9 

il 

II 

la 

13 le 

13 

*1. 

i; u 

il 

ao ai aa 



Helium Supply Fill 

hia.*- ^ 

C 

c 

c c c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

C 

c 

o 

c 

o 

c 

c 

c 

c 

c 

Supply Tenk Fill 

c 

c 

c 

c 

c 

0 

c 

c 

c 

c 

c 

c 

c 

c 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

Frr launch 

c 

c 

M 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

Shuilte Leunch 

0 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

Supply Tank TVS 

o 

c 

M 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

Supply Tenic Preiiuruetion 

o 

c 

M 

c 

c 

c 

c 

c 

M 

M 

M* 

M* 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

Receiver Tank Frectnil Charge 

0 

c 

M 

c 

c 

c 

o 

c 

M 

M 

M* 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

M 

c ; 

Receiver Tank Hrcchill Hold 

o 

c 

M 

c 

c 

c 

c 

c 

c 

c 

c 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

Receiver Tank Hrechill Vent 

0 

c 

M 

o 

c 

c 

c 

c 

c 

c 

c 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

Receiver Tank Fill 

o 

c 

M 

c 

c 

c 

0 

c 

M 

M 

M* 

M« 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

M 

c 

Receiver Tank Preaauriaation 

o 

c 

M 

c 

c 

c 

c 

c 

c 

c 

C 

C 

M 

M 

M« 

M* 

c 

c 

c 

c 

c 

c 

c 

c 

Receiver Tan^ Helium Vent 

o 

c 

M 

o 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

1 Receiver Tank Oram 

o 

c 

M 

c 

c 

c 

c 

c 

c 

c 

c 

c 

M 

M 

M* 

M* 

c 

c 

c 

c 

c 

c 

c 

M 

« Supply Tank Oram 

o 

c 

C 

c 

c 

c 

c 

o 

M 

M 

M* 

M« 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

M 

c 

Receiver Tank Blowdown 

o 

c 

C 

o 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

Supply Tank Blowdown 

o 

c 

c 

c 

c 

c 

c 

0 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

o 

c 

Receiver Tank Inertir^ 

o 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

M 

M 

M* 


c 

c 

c 

c 

c 

c 

c 

c 

Supply Tank Inertir^ 

o 

c 

c 

c 

c 

c 

c 

c 

M 

M 

M» 

M* 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

PreUunch (T < 4 hn) 

c 

c 

c 

c 

o 

c 

c 

c 

M 

M 

M* 

M* 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

Abort Orbit 

o 

c 

c 

c 

c 

c 

c 

o 

M 

M 

M« 

M« 

M 

M 

M* 


c 

c 

c 

c 

o 

c 

M 

M 1 

Poat landing 


0 

c 

c 

c 

c 

c 

c 

M 

M 


M« 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

ij 


O - Open 
M - Modulate 
C • Close 
• - fVackup 

t - Kelecence Pnaw U Flow WDematic, Fii^ure 3-14 


Facility Checkout . The first operation after orbit insertion will be instrument and 
electrical checkout as in the previous missions. 

Preparation for Supply Tank Outflow . Immediately following the facility checkout, the 
supply tank TVS will be re-activated. During this 32-hour period, steady-state conditions 
should be reached. Upon completion of this coast period, the supply tank will be 
pressurized to approximately 276 kpa (40 psia), utilizing the helium pressurant. Supply 
tank temperatures, pressure and TVS flow rate will be recorded to determine tank 
performance. 


Receiver Tank Prechtll. Liquid hydrogen inflow distribution will be split such that 22 
percent flows into the start basket and the remainder flow« through the inlet jet manifold. 
This distribution is required for the start basket fill process and it will aid in cooldown of 
the start basket. Receiver tank precnill will be accomplished utilizing the charge* vent 
and hold technique* as in Mission Two* until the predetermined prechill target tempera- 
ture of lOO^K (ISO^R) is reached. During the receiver tank prechill* data similar to that 
collected in Mission Two will be recorded. 

Receiver Tank Fill. Following the receiver tank prechill* the receiver tank will be filled 
using a maximum supply tank outflow rate of 22.7 g/sec (0.05 Ib/sec). The fill will be 
completed to the 92.2 percent level* the same percent ullage as the full scale POTV. The 
incoming liquid hydrogen will be distributed in the same manner as described for the 
receiver tank prechill (22 percent of the flow through the start basket and the remaining 
through the inlet manifold). The data recorded will be similar to Mission Two with the 
addition of start basket temperatures. 

Start Basket Vapor Collapse . If the use of the subcooled liquid inflow into the start 
basket fails to eliminate vapor bubbles, bubble collapse will be accomplish*Hl by 
pressurizing the receiver tank with helium. A pressure increase of 39.5 kPa (5 psia) will 
be usedf based on the current start basket design, vapor collapse times of less than 10 
minutes should be obtained. If 10 minutes has elapsed since helium injection* and vapor 
still exists in the start basket, tank pressure will again be increased by 39.5 kPa (5 psia) 
and the hold process will be repeated. During this operation* the ambient helium 

pressurization should pose no problems in the operation of the start basket* as the 
receiver tank is 92 percent full and direct impingement of the pressurant is unlikely. 
However* injection of ambient temperature helium into a less full tank may present a 
problem due to the possibility of warm pressurant contact with the start basket. A means 
of detecting the presence of vapor in zero-g is not presently available. This instrumenta- 
tion is a development item. 

Receiver Tank Thermodynamic Vent Test . Following the vapor collapse, the receiver tank 
TVS will be activated. Either the internal heat exchanger/fan TVS or the externally 
wrapped TVS (or both) will be evaluated by measuring the quality, temperature and 
pressure of the vent outflow. The effect of the internal heat exchanger/fan on the start 
basket thermal performance will be assessed. Receiver tank temperatures and pressure 
will be monitored and recorded by the DACS throughout this period. 
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Receiver Tank Outflow. The RCS primary thrusters will be used to settle the liquid in the 
receiver tank. Outflov^* from the receiver tank will be initiated following settling and 
proceed to the 60 percent fill level. This is the fill level at which the start basket refill 
testing will be conducted. 

Start Basket Refill. Foiiowir^ a I0«hour coast period, the RCS engines will be used to 
position the liquid away from the start basket prior to refill. With the receiver tank 
pressurized to 261 kPa (3) psia), outflow fro;n the start basket will be initiated. Shortly 
after outflow starts, the primary RCS thrusters will settle the liquid in the receiver tank. 
After the liquid settling, refilling of the start basket will commence and should be 
complete within one minute. (See Appendix 111). During this period, receiver tank 
temperatures, pressures and start basket temperatures will be recorded. Start basket 
outflow will continue until the receiver tank reaches the half-full level. 

Start Basket Liquid Retenti<m Evaluation . A low-g coast petiod of 10 hours will 
commence during which liquid evaporates from the surface of the start basket. The 
ability of the start basket to retain liquid under tlwse conditions will be evaluated. (This 
period of time was used in calculating the evaporated liquid volume for the start basket.) 

Receiver Tank Drain. Following the helium vent operation, the receiver tank LH 2 will be 
settled and drained by using the RCS engines. At the time of caq>illary device breakdown, 
receiver tank residuals, mass flow rate, tank pressure and temperature will be recorded. 

Supply Tank Drain, if the supply tank capillary device did not break down during receiver 
tank fill, the supply tank will be drained during this operational period until vapor breaks 
through the capillary device. At this time, the flow rate, pressure and the quantity o* 
liquid in the supply tank will be recorded. 

Supply and Receiver Tank Inerting . After draining, the tanks will be vented to 
approximately 10.3 kPa (1.5 psia). With the vent closed, the tank pressures will br 
allowed to increase due to the heat leak. Following this, the tanks will be vented once 
again to 10.3 kPa (1.5 psia) and will be pressurized (and inerted) with ambient helium gas. 


> 
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4.0 


FACILITY DEVELOPMENT PLAN 


The facility development plan was generated to provide a guide for the cost effective 
development of the Cry<^enic Fluid Management Facility (CFMF) and to identify long- 
lead, development or hifh-cost items. This plan consists of cost and schedule estimates 
for IXMh phases of the iacility and was based on the conceptual design. The approach 
taken in developing the plan consisted of preparation of a Work Breakdown Structw’e 
(WBS), a Master Program Sdtedule aid a major component Bill of Material (BOM) from 
which facility cosu were derived. 

4.1 Facility Deve l opment S iiedule . To prepare a schedule for the cost 
effective development of the CFMF, it was necessary to generate a WBS identifying the 
required tasks. From the WBS, a Master Program Schedule was prepared to provide 
estimates of the time and cost required to design, develop, fabricate, test and provide 
launch support of :he CFMF. In the preparation of the Master Program Schedule, the long 
lead and development items were identified. 

4.1.1 Work Breakdown Structure . The WBS shown in Figure 4-1 provides a 
graphical definition and display of the work tasks to be accomplished. The upper level 
represents the 17 major tasks identified for the CFMF Program. These tasks will be 
controlled at the program management level. 

The second level denotes those subtasks which will be controlled at a lower level of 
management. It is these tasks which will be specifically defined by the CFMF statement 
of work. 

A third level of work breakdown takes the usks down to the level of the sk>orking 
engineer, technician or mechanic where management control is provided by the Lead Man 
or Crew Chief. This level of detail was not carried out in this study and is, therefore, not 
shown on Figure 4-1. 

4.1.2 Master Program Schedule . The Master Program Schedule shown in Figure 4- 
2 was derived from the WBS of Figure 4-1. The key program milestones were identified 
and the schedule was prepared to meet these milestones. The schedule was then reviewed 
and modified where necessary to provide a realistic development schedule. 
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Figure 4-1 WORK BREAKDOWN STRUCTURE 



















The Master Program Schedule was prepared assuming that the conceptual design work was 
completed by NASA personnel, eliminating tne need for a lengthy design definition phase; 
however, the detailed analyses of the facility would be necessary. With titese assump- 
tions. Figure 4-2 shows a six-month facility definition. Concurrmt with the facility 
definition, review of CFME safety and Ground Support Equipment (GSE) was scheduled to 
maximize the use of work performed for the CFME design definition study. Procurement 
and manufacturing tasks were phased to provide a cost effective development. These 
tasks *vere influenced by the assumption that, once the facility is launched, a one-year 
turnaround will exist between subsequent missions. 

The Master Program Schedule identifies eight key program milestones: 

1. PDR - Preliminary Design Review. 

2. FOR - Final Design Review. 

3. PSRl - Phase 1 Preshipment Review. 

4. SSLl - Space Shuttle Launch, Phase I. 

3. PSR2 - Phase 11 (First Mission) Preshipment Review. 

6. SSL 2 - Space Shuttle Launch, Phase II (First Mission). 

7. PSR3 - Phase U (Second Mission) Preshipment Review. 

5. SSL 3 - Space Shuttle Launch, Phase II (Second Mission). 

The PDR will be held at completion of the facility definition; the FOR, concluding the 
facility design task for both phases of the facility, is scheduled for 14 months after 
contract go-ahead. These design reviews will also be required for approval of long-lead 
procurement items with procurement of the CFME supply tank hardware to begin after 
PDR. PSR-I is scheduled for 44 months after contract go-ahead with the first launch 3 
months later. PRS-2, PRS-3 and their associated lauches follow at yearly intervals. A 
total span time of 76 months will be required for the CFMF contract. 

4.1 ^ Long-Lead Procurement Items . Long-lead items were identified as those 

items requiring more than 26 weeks from the time of purchase to delivery. The long-lead 


items, excluding development items, are: 


1. Temperature sensors 

26 weeks 

2. Quality meter 

52 weeks 

3. Volumetric flow meter 

52 weeks 
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Figure 4-2 MASTER PROGRAM SCHEDULE 
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4.1.4 Development Items. To meet the sdtedule shown in Figure 4-2» it was 

assumed that certain critical items were developed prior to their need for CFMF. This 
may require that development and testing begin prior to contract go-ahead. The ma|or 
development items for the CFMF are: 

1. Quantity gauging systems 

2. Quality/density flow measurement 

3. Receiver tank start basket 

4. Zero-g vapor/liquid detectors 

4.2 Facility Costs. Rough Order of Magnitude (ROM) cost estimates were 

prepared for each phase of the facility. The WBS, Master Program Schedule and a 
component Bill of Materials (BOM), defining the procurement items, provided the basis for 
this cost estimate. 

The ROM estimates were developed by each contributing department estimating their 
manpower requirements and costs for the various phases of the facility. After each 
departmental estimate was made, they were forwarded to the Contracts Department and 
combined to form overall total costs. If a departmental estimate was out of line with the 
scope of the defined task, clarification of the task and a resulting adjustment of the 
departmental estimate was made. In a meeting of the involved department managers, the 
overall costs were further clarified and refined to realistically reflect the conceptued 
design of the facility. The overall cost estimates were then submitted to the Division 
Manager for approval and release. This estimating procedire was used to provide a 
realistic and comprehensive cost estimate for the Cryogenic Fluid Management Facility. 

4.2.1 Bill of Materials (BOM). Facility hardware costs were estimated by 

generating a BOM comprised of all components required for each phase of the facility. 
These components were taken directly from the facility conceptual design drawings; their 
costs were thert determined from vendor information. The BOM is given in Appendix II 
and is broken down into: (1) hardware common to both Phases 1 and II, (2) Phase I 
hardware and (3) Phase II hardware. Items shown under Phase I and Phase II hardware are 
those items required for only those phases. 
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4.2.2 Cost Estimate . The ROM cost is divided into six program elements which, 

when totaled, form the cost required to develop, fabricate and provide support for the 
CFMF. rne six elements and their cost estimates are: 


Program Element 

ROM Cost 

Analysis and Design 

$ 800,000 

Qualification 

$ 700,000 

Phase I, Mission One 

$1,300,000 

FIvise 11, Mission T wo 

>1,100, UOU 

Phase 11, Mission Three 

$ 600,000 

CFME Tank 

$3,000,000 

TOTAL Program Cost 

$7,500,000 


These cost estimates are expressed in December 1980 dollars. A description of each 
element is given in the following paragraphs. 

Analysis and Design . The analysis and design effort is primarily an engineering task. It 
involves producing the d'‘awings and specifications required to fabricate the Phase 1 CFMF 
hardware (exclusive of the CFME supply tank and its associated hardware). 

Qualification . This element consists of the testing required to flight qualify all phases of 
the CFMF hardware (exclusive of CFME hardware). These tests will include environ- 
mental and mission simulation testing. 

Phase I, Mission One . The Phase 1 element is fabricatiem, assembly and performance 
testing of the Phase I flight hardware. These costs also include preflight, flight and 
postilight engineering support. 

Phase 11, Mission Two . This element consists of converting the facility from the large 
Phase I receiver tank to the smaller Phase 11 receiver tank. Hardware changes associated 
with Phase II are included in this element. Phase U also contains preflight, flight and 
postflight engineering support. 
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Phase U, Mission Tiwee . This element consists of modifying the Please 11, Mission Two, 
receiver tank to incorporate a fluid acquisition device and its associated hardware. 
Preflight, flight and postflight engineering support is included. 


CFME Tank . The fabrication, assembly, qualification test, and system integration of the 
CFME tank is included in this program element. It was assumed that a set of drawings 
and specifications for this tank will be furnished by the Government. 


4.2.3 Cost Estimates Allocated by Fiscal Year . The cost estimates given in 

Paragraph 4.2.2 are expected to be expended per fiscal year in the amounts shown below. 
It should be noted that these amounts are expressed in December 1980 dollars. 


Fisal Year 


CFME Tank 


Balarice of System Annual Total 


1982 

$ 80,000 

1983 

1,525,000 

1984 

1,395,000 

1985 

-0- 

1986 

-0- 

1987 

-0- 

1988 

-0- 


$ 200,000 

$ 280,000 

950,000 

2,475,000 

875,000 

2,270,000 

975,000 

975,000 

800,000 

800,000 

500,000 

500,000 

200,000 

200,000 


$3,000,000 $4,300,000 


TOTALS 


$7,500,000 


5.0 


CoNCuUSIONS AND KECOMtviliNOATlONS 


Conciusions . Trie Cryogenic Fluid Management Facility (CF.ViF) defined oy this study will 
be capable of demonstrating on-orbit cryogenic liquid transfer. The specific technologies 
necessary to accomplish this are: 

o Liquid acquisition and expulsion 

o Transfer line cooldown 

o Tank coolctown 

o Tank fill (nonvented liquid transfer) 

o Nonvented tank refill capability 

o Start basket performance 

o Mass gauging 

o Quality and mass flow measurements 

The design of the facility was tailored to provide the capability for proving these 
technologies. 

Existing ground support equipment (GSE) lor the liquid hydrogen filling of the supply tank 
may be used without extensive modifications. The additional GSE required to support the 
facility currently exists at Kennedy Space Center (KSC). 

The Safety and Hazard Analysis showed that no single point failure of the CFMF will 
cause an unsafe condition on the launch pad or in orbit. Use of the Fuel Cell Servicing 
System for loading the CFMF supply tank will not result in hazards greater than similar 
cryogenic loading operations at KSC. 

The design, development, testing, fabrication and operation of the CFMF will require a 
span time of approximately seven years. The overall program cost will be $7.5M (in 
December 1980 dollars). 

Recommendations . A number of hardware development items and Shuttle operational 
unknowns were identified in this study. Instrumentation and hardware development 
required for the CFMF are: 

o Mass gauging 

o Quality measurement 


0 Volumetric flow measurement 

o Start basket 

o Screen channel device 

0 Thermodynamic vent system 

0 Zero-g liquid/vapor detectors 

The Shuttle operational unknowns that need to be determined are: 

o Payload flight qualification requirements 

o Payload safety requirements 

o Prelawich facility servicing corotraints 

These items c^ be found in the Payload Accommodations Handbook; however, there is a 
high degree of uncertainty and conflicting information. In addition to the operational 
unknowns, an assessment of the potential and cost for GSE modifications to meet the 
CFMF launch requirements should be conducted. 

To ensure the efficient and timely development of the CFMF, it is recommended that 
research and development of the hardware development items and resolution of the 
Shuttle operational urU<nowns begin as soon as possible. 
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inert supp|y^tank» 
the experiment 
will be aborted and 
tlie tank dumpeO 
and inerted. 
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ration pressure. Would tend to in- 

OACS will turn on validate quality 
• meter calibration. 
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APPENDIX II CFMF BILL OF MATERIAL 


Part 

htentlfication 

Component 

Specification 

Quantity 

Load 

Time 


PHASE 1 A 

NO PHASE fl 



SOVl 

SOV) 

SOV« 

SOVB 

Solenoid Operated 
Valve 

12*7 mm (1/2*% 28 vdc, 
SlMittle payload rated* 
normally closed, max* 
Imum pressure 889.S 
KPa (100 psia)|.cryo 
rated 20^ Od^R), 

LH2 

9req 

18 whs 

SOV2 

SOV7 

SOV8 

Solenoid Operated 
Valve 

9.5 mm 0/8**), 28 vdc, 
Shuttle payload rated, 
normally dosed, max* 
Imum pressure 689.5 
KPa (100 psia). cryo 
rated 20^ (36^R), 
LH 2 

3req 

18 whs 

SOVIO 
SOV12 
SOVl 3 
SOV13 

Solenoid Operated 
Valve 

6.35 mm (!/«**), 28 vdc. 
Shuttle payload rated, 
normally dose% (max- 
imum pressure M9.5 
KPa (100 psia>vd 70 
rated 20^K (36^R), 

LH 2 

9 req 

18 whs 

SOV9 

SOVU 

sovia 

SOV16 

SOV17 

SOVIS 

SOV19 

SOV20 

Solenoid Operated 
Valve 

6.35 mm (*/6**), 28 vdc, 
maximum temperature 
6CrC (UO^F), Shuttle 
rated, normally dosed, 
GHe, maximum pres- 
sure 31 MPa (9500 
psia) 

8req 

18 whs 

TSI 

TS2 

TS# 

TS5 

TS7 

TSIO 

Temperature Sensor 

Immersion typ^ cryo 
rated 20^K (36^R), 
platinum Resistive 
Thermal Device, ex- 
ternal connector, 
maximum pressure 
689.5 KPa (100 psia) 

6 req 

26 whs 
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APPENDIX !I CPMF BILL OF MATERIAL (Continued) 


Port 

Identification 

Compoof/nt 

Specification 

Qumtity 

Lead 

Time 

TSJ 

TS6 

Tomporatur\ft Sensor 

Immersion type, mmt- 
iimm temperature 
60®C (I90®F), exter- 
nal connector, maxi- 
mum pressure 6S9.3 
KPa (100 psia). Shuttle 
rated, platinum RTD 

2 req 

26wks 

TS8 

TS9 

Tomperaturo Sensor 

Immersion type, max- 
imum temperature 
60^C(190^F), exter- 
nal connector, maxi- 
mum pressure 31 
MPa (9500 psia), 
9tuttle payload rated, 
platinum RTD 

2req 

26 wks 

TS13toTS62 

Temperature Sensor 

Swface contact type, 
cryo rated 13 to 900 
(23 to 720®R), 
platinum RTD, maxi- 
mum pressure 689.5 
KPa (100 psia). 
Shuttle payload rated 

99 req 

26wks 

PTl 

PT2 

PT* 

PT5 

PT7 

PTIO 

Pressure Transducer 

Crw rated 20®K (36 
®R), 10 vdc, pressure 
rating 0 to 689.5 Kl^ 
(0 to 100 psia). Shuttle 
rated 

6 req 

12 wks 

PT3 

PT6 

Pressure Transducer 

Maximum temperature 
60®C (190®F), 10 vdc, 
pressure rating 0 to 
689.5 KPa (0 to 100 
psia). Shuttle rated 

2 req 

12 wks 

PT8 

PT9 

Pressure Transducer 

Maximum temperature 
60®C (I90®F), 10 vdc, 
pressure rating 0 to 
31 MPa (0 to 9500 
psia). Shuttle rated 

2 req 

12 wks 
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APPENDIX II CPMP BILL OF MATERIAL (ContUiutd) 


Pirt 


Identification 

Component 

Specification 

Quwtlty 

QMt 

QM2 

QMS 

QM« 

QMS 

Quality Motor 

Cryc rated (3d 

U vdc, maxi- 
mum preteure 619.5 
KPa(lOOpila), 
Siuttlo rated, mea- 
sures peromt vapor 
md density, flow 
rated 0 to .55 Ib/sec 
of LHj 

5roq 

VMl 

Volumetric Flmo 
Motor (Turbine 
Type) 

Ma^mum temperature 
6(rc (laO^F), 2S vdc, 
must not freeae at 
cryo temperatures oi 
LH*, maximum pres- 
surl6S9.5 KPaflOO 
pslid. Shuttle rated 

1 req 

FCVl 

Plow Control Valve 

9.5 mm (3/S«*), 115 
vac, 900 Hz, maxi- 
mum pressure 6S9.5 
KPa (100 psialvcryo 
rated 2(rR (36^), 
normally closed, 
step motor operated. 
Shuttle rated, LH 2 

1 req 

RVl 

Relief Valve 

12.7 mm (1/2**). cryo 
rated 20^K (36^), 
relief pressure 689.5 
KPa(lOOpsia), 
Shuttle rated 

1 req 

RV2 

Relief Valve 

12.7 mm (1/2**). cryo 
rated 20^ (36°R), 
relief pressure 399.7 
KPa (50 pala). 
Shuttle rated 

1 req 

RV3 

Rve 

Relief Valve 

9.5 mm 0/8**), cryo 
rated 20^ (36°R), 
relief pressure 689.5 
Kft (100 psia). 
Shuttle rated 

2 req 


APeCNDIX II CPMP BILL OF MATERIAL (Contlmwd) 


Pirt 

Identificttion 

Component 

Spocificotion 

Quantity 

Load 

Time 

CVI 

'Chock Volvo 

9.5 mm (5/8*% moxi- 
mum protsuro 689.5 
KPo(100psio).cryo 
rotod 20^K (5^R), 
LH2* Shuttle rotod 

1 roq 

18wks 

HXl 

HX2 

Hoot ERChantor 

9.5mm(5/8^*cryo 
rotod 2(rK (56^R)* 
maximum pressure 
689.5 KPo(lOOpsla)* 
wattage 2080 watts/ 
hoiw 

2req 

20wks 

FI 

F2 

FUter 

6.55 mm (1/6*% mox- 
iRMon tenmroturo 
60®C (160rF), He, 
maximum particle 
passage 125 microns 

2req 

12 wks 

33 

Flow Orifice 

6.55 mm (1/6**), in* 
let, maximum tern* 
owature 60”C (160 
^), maximivn pres* 
sure 689.5 K?a (100 
psia) 

2 req 

10 wks 

BOl 

Burst Disc 

12.7 mm (1/2**), max- 
ing temperature 
60^C (160^), relief 
pressure 157.9 KPa 
(20psia) 

1 req 

12 wks 

Pr«Mriz»<^ 

tionBottlM 

256.S die X 795 ig 
(lao diox 51.5 & 
26.7 Utors (1651 
cu in) ot 95.1 KPO 
(5000 psig) 

Kevlar wound over 6061 
ahnnimim bottle 

5 req 

6 wks 

SubpiUtt 

76.2 X 56.S X 
6261.1 <5 X 1.5 X 
266.5) chonno) 

606i*T6 aluminum 
channel 

6261.1 

(266.5) 

2 wks 

Strap* 

76.2 X 1.59 X 
16*966 ig (5x1/16 
X 590 Ig) 

Aluminum sheet 

16,986 

(590) 

2 wks 




APPENDIX II CPMF BILL OP MATERIAL (Contirawd) 


Put 


MsnilficitiQn 

Component 

Specificaticn 

(^lantity 

Cible 

3.2 diaK 2233.2 
(1/S X SB) 

Steel cable 

2233.2 

(88) 

PUITubt 

(Vacuum 

Sacketsd) 

(CPME) 

12.7 X 960.12 X 
.7 (1/2 X 374 X 
.028), r Sch 60 
pipe outer shell 

306L CRES 

960.12 

(374) 

Prsnurtea- 
tkm Tube 
(CPME) 

6.6 X 12S0.2 X .3 
(1/6 X 30.6 X .020) 

306L CRES 

1280.2 

(50.6) 

Horizontal 

iVakiTube 

(CPME) 

9.3 X 960.12 X .5 
(3/8 X 374 X .020) 

306L CRES 
• 

960.12 

(374) 

Drain (CPME) 

12.7 X 960. 1 2 X. 7 
(1/2 X 37 .& X .028) 

306L CRES 

960.12 

(37.8) 

Vent Tube 
(CPME) 

12.7 X r.*80.2 X .7 
(1/2 X 30.6 X .028) 

306LCRES 

1280.2 

(30.6) 

Bayonet 

Male Bayonet 

306L CRES, 12.7 x 
.7 wall of inner tube 

(1/2 X .028) 

1 req 


PHASE 1 



Channel (R»> 
oeiver Su^ 
port) 

76.2 X 38.1 X 8991.6 
(3 X 1.3 X 336) 

6061 aluminum 

8991.6 

(336) 

Insulation 

333 m^ (3606 ft^) 

Double Kapton MLl. 
ouperfloc 

3606 

ir 

Instrumenta- 
tion Tree 

S-glass Epoxy Tube 

30.8 dia x 3996.6 (2 x 
236**) S-glass epoxy 
tube 

1 req 

Insulation 

Pastaners 

30.8 X 101.6(2x6) 
velcro patches 

60 patches, 30.8 x 
101.6 (2**x 6** sq) 

1/2 lot 

Struts 

Support Strutt 

S-glass epoxy t(^>es, 
see drawing, sheet 

8 req 


1 5, for sizes 




iMd 

Time 

2«kf 

10 

# wks 
#wfc» 

«wto 

UiH(» 

2 wks 

32 wks 
Swks 

2wks 
16 wks 
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APPENDIX II CFMF BILL OF MATERIAL (Continued) 


Part 

Identification 

Component 

Specification 

Quantity 

Lead 

Time 

PV Head 

EUiptical Head, 
A/B ratio s 1.38 
536.25 (21.9) deep 
X .66 (.026) thick 
X 1536.7 (60.5) 

6061-T6 aluminum 

2 req 

8 wks 

PV Cylinder 

CyUnder, 1536.7 
(60.5) dia X 1960.9 
(77.2) Ig X .96 
(.038) thick 

6061-T6 aluminum 

1 req 

10 wks 

Cirth Ring 

152.9 (6.0) wide x 

25.9 (1.0) flange x 
3.17 (.125) thick 
1536.7 (60.5) diam- 
eter 

6061-T6 aluminum 

2 req 

26 wks 

FUl Tube (Re- 
ceiver Tank) 

9.5 X 3680.5 x .5 
(3/8 X 199.9 X .020) 

309L CRES 

3680.5 

(199.9) 

9 wks 

Bi-Metal 

Joint 

9.5 X .5 (3/8 X .020) 

309L CRES/6061 
aluminum 

1 req 

16 wks 

Pressuriza- 
tion Tube (Re- 
ceiver Tank) 

6.9 X 7808.9 x .5 
(1/9 X 307.9 X .020) 

309L CRES 

7808.9 

(307.9) 

9 wks 

Bi-Metal 

Joint 

6.9 X .5 (1/9 X .020) 

309L CRES, 6061 
aluminum 

1 req 

16 wks 

Vent Tube 
(Receiver) 

25.9 X 101.6 X .9 
(1 X 9 X .036) 

309L CRES 

101.6 

(9.0) 

9 wks 


12.7 X 8797.8 x .7 
(1/2 X 399.9 X .028) 

309L CRES 

8797.8 

(399.9) 

9 wks 

Reducer 

25.9 X 12.7 X .9 
(1 X 1/2 X .036) 

309L CRES 

1 req 

2 wks 

Bi-Metal 

Joint 

25.9 X .9 (1 X .036) 

309L CRES, 6061 
aluminum 

% 

1 req 

16 wks 

Tee 

25.9 X .036 wall 
(1 X .036 wall) 

309L CRES 

1 req 

2 wks 
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APPENDIX 11 CFMF BILL OF MATERIAL (Continued) 



plurf 

Identification 

Component 

Specification 

(Quantity 

Lead 

Time 

Bellows 

9.$ X .5 wall 
(3/8 X .020) 

300L CRES 

1 req 

3wk9 


6.33 X .3 wall 
(1/Ox. 020) 

300L CRES 

1 req 

3 wks 


12.7 X .7 wall 
(1/2 X .028) 

304L CRES 

3 req 

3 wks 

Diffuser 

(Receiver) 

; 

i 

J 

) 

PHASE n 


1 req 

m 

i SOV21 

1 SOV22 

Solenoid Operated rols 
Valve 

9.3 mm (3/8*'), 28 vdc, 
Shuttle payload rated, 
normally closed, max- 
imum pressure 689.3 
KPa (100 psia), cryo 
rated 20®K (36®R), 
LHj 

2 req 

18 wks 

TS13 to TS29 

1 

Temperature Sensor 

Surface contact type, 
cryo rated 13 to 400 
®K (23 to 720®R), 
platinum RTD, rnaxl- 
mum pressure 689.3 
KPa (100 psia), 
Shuttle payload rated 

17 req 

26 wks 

PTll 

Pressure Transducer 

Cryo rated 20®K (36®R), 
10 vdc, pressure rating 
0 to 689.3 KPa (0 to 100 
psia). Shuttle rated 

1 req 

12 wks 

PCV2 

Flow Control Valve 

9.5 mm (3/8*'), 115 

1 req 

18 wks 


vac, VOO Hz, maxi* 
mum pressure 689.$ 
KPa (100 psia), cryo 
rated 20®R (36®K), 
normally closed, 
step motor operated. 
Shuttle rated, LH 2 



APPENDIX II CFMF BILL OF MATERIAL (Continued) 


Part 

Identification 

Component 

Specification 

Quantity 

ceao 

Time 

PVHead 

(Receiver) 

Elliptical Head, A/B 
ratio « 1.38, 254 
(10) deep X 685.8 
(27) dia X .64 (.025) 
thick 

6061-T6 aluminum 

2req 

8 wks 

Girth Rii% 

101.6 (4) wide x 
25.4 (1) flange with 
76.2 (3) burndown 
edge .89 (.035) 
thick - diameter is 
685.8 (27.0) 

6061-T6 aluminum 

2req 

26 wks 

PVCyUnder 

685 (27) X 685.8 (27) 
dia X .64 (.025) thick 

6061-T6 aluminum 

1 req 

10 wks 

FUi/Drain 

Tube 

9.5 X .5 X 3096.3 
(3/8 X .020 X 121.9) 

304L CRES 

3096.3 

(121.9) 

4 wks 

Diffuser 

(Receiver) 



1 req 

m 

Di-Metai 

3oint 

9.5 X .5 (3/8 X .020) 

304L CRES/6061 
aluminum 

2 req 

16 Wks 

He Inlet Tube 

6.35 X 4235.2 x .5 
(1/4 x 166.7 X .020) 

304L CRES 

4235.2 

(166.7) 

4 wks 

Channel 

76.2 X 38.1 X 11356.9 
(3 X 1.5 X 447.1) 

6061-T6 aluminum 
channel 6.35 (1/4) 
thick 

11356.9 

(447.1) 

2 wks 

Bi-Metal 

Joint 

6.3 X .5 (1/4 X .020) 

304L CRES 

1 req 

16 wks 

FUlTube 

9.5 X 4581.9 X .5 
(3/8 X 180.4 X .020) 

304L CRES 

4581.9 

(180.4) 

4 wks 

Vent Tube 

12.7 X 10012.7 X .7 
(1/2 X 394.2 X .028) 

304L CRES 

ii 

4 wks 

Bi-Metal 

Joint 

25.4 X .9 wall (1 X 
.036) 

304L CRES/6061 
aluminum 

1 req 

16 wks 

Thermo Vent 

9.5 X 13479.8 x .5 
(3/8 X 530.7 x .020) 

Aluminum 

13479.8 

(530.7) 

4 wks 
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APPENDIX II CPMF BILL OF MATERIAL (Concluded) 


Put 

Identification 

Component 

Specification 

Quantity 

Lead 

Time 

Bi-Metai 

30int 

9.5 X .5 waii (3/8 x 
.020 w) 

6061 to 309L transi- 
tion 

1 req 

16wks 

Start Basket 



1 req 


Instrumenta- 
tion Tree 

$-glass/Epoxy Tube 

50.8 dia X 3787.1 
(2.0" (Da X 199.1") 

3787.1 

(199.1) 

8 wks 

Insuiator 

Fasteners 

50.8 X 101.6(2x9) 

90 velcro patches 
50.8 X 101.6 (2 X 9 sq) 

90 

(1/2 lot) 

2 wks 

bisuiation 

69.31 m^(796fA 

Double kapton ML1» 
Superfioc 

69.31 

(796) 

32 wks 

Struts 

S-glass/ Epoxy 

See drawing) sheet 
15, for sizes 

8req 

16 wks 

Vent Tube 

25.9 X 101.6 X .9 
(1 X 9 X .036) 

309L CRES 

101.6 

(9.0) 

9 wks 

Reducer 

25.9 X 12.7 X .9 
(1 X 1/2 X .036) 

309L CRES 

1 req 

2 wks 

Tee 

25.9 X .036 (1 X 
.036 wall) 

309L CRES 

1 req 

2 wks 
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R«f^liing of the CPMF start basket was evaluated ty means of a Beech-developed 
computer programt REFILL. The program implements a simple Kinematic model of a 
start baskett shown schematically in Figure 111-1. The basket Is assumed to be completely 
submerged In liquid. The liquid level Inside the basket Is h. Liquid is assumed to flew into 
the basket through the portion of the malnscreen contacting liquid Inside the badcet. In 
Figure in-lt the liquid Inflow region is the surface area between 0 < x < h. V^>or Is 
assumed to flow out of the basket only through the end of the standpipe. Thermodynamic 
effegcts are n^lected. 



q^ - liquid outflow 
qj^ - liquid Inflow 
q^ - vapor outflow 


% 


Figure in-i REFILL MODEL 


IIM 


For a given liquid level inside the basketi a pressure drop equation relating vapor outf tow* 
liquid outflow through the outlet pipe and liquid inflow through the malnsereens can be 
solved for the net liquid fiow into the basket. The time histwy of the liquid level indde 
the basket is calculated by the following procedures 



Figure 111-2 shows the results of a REFILL calculation for the CFMF start basket with 
LH 2 and and RCS acceleration of 0.22 m/sec (0.72 ft/sec ). The initial liquid level in the 
basket is 1 l.t mm (0.44$ in). This is based on the assumption that the liquid volume in the 
basket at the start of refill is essentially the residual volume of 1.76 x 10*^ m^ (0.062 
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